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2 FRICTIONAL ELECTRICITY. 

Ne ee ey) hen ee But 
no substance is an absolute insulator or non-conductor; neither is 
Sua ‘xy sabstincs widcli an be called a poche Catal 
electricity. 

For ‘Silustrating the primary pheoomena of electricity the only materiale 
required are a tubo of atont glass 18 or 20 inches long, and about an Sach 

{in diameter; a atick of common sealing wax; oF, still 
Ly eg etter, an elonite pocket comb and a pair of pith-balls 
from a convenient support by silk: threads. 
‘The glass tube, dry and warm, should be rubbed 
briskly fora few seconds with a dry warm ailk band 
kerchief; it will be then found to have acquired the 
Dropertics of attracting, and then repelling the pith- 
balls, ‘The wax may bo excited by rubbing it with 
1 jieco of dry warm flannel, 
\ ‘For exhibiting the phenomena of attraction and re- 
lo @ palsion at a considerable distance, a long atick bal- 


anced on @ small globe of glass, placed on a con- 
venient support, will be found very useful. A. pair of 
pith-balls suspended by thin metallic wires or black 


evtton tlireads should also be provided, to show the impossibility of giving 
‘a permanent electrical charge to the pith-balls when wxinwdated. 

Pas maine attraction of oppositely cletrided bodng and the manhial 
repulsion of bodies similarly electrified, are well illustrated by suspendit 
ffom silk: threads two exclled aticks'of wax and two excited tubes af 


Oe briny 


ing them near each other, the wax will repel the wax and 


iglaas, si 
‘the glass will repel the glass, but a glass rod and a wax rod will manifest 
‘matrong mulual attraction. 


(2) Conductors and Insulators.—In the following list the 
bodies are arranged in their order of conducting power, according 
to the present state of knowledge on the subject; and though 
probably not absolutely correct, it will serve to show how in- 
sensibly conductors and non-conductors merge into each other. 
Faraday thinks that conduction and insulation are only extreme 

of one common condition; that they are the sume in 

9 and in action, exeept that in conduction an effect common 

in raised to the highest degree, whereas in insulation it 





occurs in the boat cases only in an almost insensible quantity : 
All the metals Lime 
‘Well-burnt charcoal Dry chalk 
Plumbago Native oarbonate of baryta 
Concentrated acid Lycopodium 
Powdered charvonl Gaoutehous. 
Dilute acids ‘Camphor 
Saline solutions Siliceous and argillaccous stone’ 
‘Motallie ores Dry marble 
‘Animal Buide Vorcelato 
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terms ponitice aml negatice are less open to objection, although 
a aoe Soo fideneky ae 
. 


‘the other—~ 


yerwoe 
‘etheet twa or thres tines with a well-dried cat's fur, he that strikes will have 


t 
F 
13 
s 
5 


leaves ‘potitice electricity. 
the comb stand dhs Roiating ‘neh, tha one ee tae Urabe 
ee net ae ing 
2 and kind of electricity eallgh aeaoaui ‘the 
presnce ore ose 
Sie ey wie ron stn mere 
sealled eleetrometers. 
©The shéctromcuge of Gilbert and Hay consisted of a light metallic 
gold 
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ment, as Is evident, the index diverges from the fixed arms wheneve! 
sdectrical charge is communicated to the ball 6, as shown in the lower fig 

‘The instrument is oreasionally placed out of the vertical position at 
required angle by means of a joint at m, and alt insulating portions 
‘earefully varnished with a solution of shell lac in alcohol. 

‘This instrament ia, to a certain extent, an electrometer, as well as ar ¢ 
be appli Me. 5 
ite applications Fife 
8 mensarer 
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wg 
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tricity in opera 


The torsion balance electrometer of Coulomb is shown in Fig. 6, a1 
is a glass cylinder, which is covered with a plato of glass, aa, This pli 
el with two holes ¢ and a, the former being intended to rec 
tube of glass ¢ 0, two feet. high, earrying on its upper end x torsion ' 
meter. consisting of a graduated circle x8, an index m, anda pair of 
opened and shut by a ring, for holding u alender silver or glass wit 
whose lower-end x Is.also grasped by a similar palr of pincers m 
copper, and about a line in diameter, Through a hole in these 


> s 
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426° of the graduated circle mx. Now, 126° added to 18° (the former 
torsion)=144°, The reactive force of torsion at 36° and 18° is, therefore, 
46 and 144, o¢, in other words, when the distance is diminished one half’ the 
force had increased four timer. 


The law for attraction js the samo, the energy of the attractive 
foreo being diminished in the same proportion as the aquare of the 
distance between the clectrified bodies is increased. 

The trath of Coulomb's law has been confirmed by Sir William 
Snow Harris, to whom electrical science is indebted for many 
Deautiful discoveries and important practical applications, Sir 
William’s experiments on electrical attraction led him to the 
following result 





1. That the forces between two spheres will be inversely as the distances 
between their nearest points multiplied into the distance between their 
centres: 

2. That two sphoresat the distances of 22, 2°5, 28, and 3-0 inches exert 
the same force as two circular plates at the distances of 01664, 1°117, 17496 
and 1.732 inches respectively + 

4 That the attractive force of two opposed conductors fs not influenced by 
the form or disposition of the unopposed portions. ‘The attractive force, for 
‘example, is the same, whether the opposed bodies are mere circular planes 
or planes backed by hemispheres or cones. ‘Two hemispheres also attract 
each other with the same force as the spheres of which they are bemispherey 

4 The force between two opposed bodies is directly ay the namber of 
attracting points, the distance being the sare. Thus two circalar planes of 
‘unequal diameter do not attract cach other with a greater force than that of 
‘two similar areas each equal to the lesser. In like manner, the attractive 
force between a ring and a circolar area of the same diameter is equal to that 
exerted between two similar rings, each equal to the former: 

¢. The attractive force between aspherical segment and an opposed plane 
of the same curvature is equal to that of two similar segments on each other, 











For the measurement of small forces of repulsion, Harris em- 
ployed a new arrangement of the balance of torsion, which, from 
tho peculiar mechanical principle on which it depends, he calls the 
“Bifiliar Balance.’ (Phil. Trans. 1836.) 

The reuctive force in this instrument is not derived from any 
principle of elasticity, as in Coulomb's, but ia altogether dependent 
‘on gravity: It is obtained by means of a lever at the extremit 
of two parallel and vertical threads of unspun silk, suspond: 
‘within a quarter of an inch of each other from a fixed point. 7 
threads are stretched more or lest by a small weight, and 
repulsive force is caused to operate much in the sams way a 
Coulomb's balance of torsion, As the threads tend to turn, 9 
wore, upon each other, the stretching weight becomes raised ’ 
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body by a small insulated dise of considernble thickness may be greatly 
influenced by the position of the point of application, independently of the 
‘quantity of elect 0 that the same quantity may possibly exist in two 
different points, and yet the proof plane become charged in a different ratio, 
the inductive power of the plate being different in these points. 





CHAPTER Il. 


Indaction—The Electrophorus—Specifie Inductive Cspacity— 
Distribution—The Condenser, 


(7) Influence of Excited Bodies upon Neutral Conducting 
Bodies at a Distance.—We have seen that absolute contact be- 
tween two bodies is not necessary for the developmentof electrical 
phenomena. An excited rod of glass, or of sealing wax, causes 
8 suspended pith-ball to move from its vertical position when 

teil to it, and while at some distance; so also feathers and 
other light. substances loap towards an electrified body brought 
into their vicinity. 

‘This influence of electrified bodies on bodies at a distance 
is called electrieal induction, and the resulting effect tduoed 
aleetricity, 

‘There is scarcely any electric phenomenon in which inductive 
action does not come into play. ‘ All charge,’ says Faraday (Et. 
Research. series xi. p, 1178), ‘is sustained by it. All phenomena 
of intensity include it, All excitation is dependent on it, It 
appears to be the essential function both in the first development 
and the consequent phenomena of electricity.’ 

Fig. 7. 1 Let dae be a cylinder of 
A brass supported on a glass stand, 
‘nsball elec 


and furnished with a 
troseope fi Let an excited glass 
tube be field at a distance of about 
six inches from dj the pith-balls 
will be seen to diverge, indi- 
\, cating the presones of freo ‘lect 


city, Remove the glass rod, and 
the pith-balls will fall together, 
showing that they are no longer 
electrified, Again advance the 

‘ glass tube, the balls will again di- 
‘verge, and again collapse on with 
drawing the tube, and so on, 
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ibaa casera hk rs» ot hons Wis gentle stream of 
‘escaping let a well-excited suddenly brought near the 
fend, the gas will seldom fail to become inflamed, While the 

‘is still in the immediate vicinity of the conductor, let the flame be extin= 
se cat cn ta natiey eiadonrn sata ea 

lamed. 
6. Let aw’ be two insulated metallic spheres, and e dan insulated metallic. 
conductor; suppose sto be strongly charged with positioe, and # with 
It 


Fig. ‘negative electricity. 
| if 


- tt 

: ‘will be found that the 

~ couly part which is free 
from electricity is the 

‘centre o, that half ex- 

tending from 0 to « 

is electritiod mapatinaly, 

sand that half extending 

from o to & positively. 

The intensities of the 

found (o be oqual, and at any point equally distant from the centres asp x 


the extremities will be 
the depths of the electric fluid will be equal, und the electric state of each 
half may be correctly represented by the ordinates pm, pw’ of two branches, 
‘of a curve which are precisely similar and equal. 

7. Whilst the conductor dae (Fig. 7) is under the infivence of the 
‘excited glass, and the pith-balls divergent, let it be touched with the finger 
thepith-balls will instantly collapse. Let the finger be removed, and then let 
the glass tube be suddenly withdrawn, the pith-balls will again open, and. 
will runain divergent. On examining the nature of the electricity with” 
which they are charged, it will be found to be negatine. 

$, Hold. an excited tube of glass at some distance above the eap of the 
gold-leaf electroscope (Fix. 4), the leaves will open having received by 
induction a charge of positive electricity remove the tube and the leaves will 
collapse, Again advance the excited glass, and, whilst tho leaves of the 

‘are open, touch the cap of the instrument with the finger, and 

then quickly withdraw the glase tubo; the gold leaves will now be found. 
with negative electricity, Conversely, if an excited stick of wae 

‘bo used instead of the tube of giaas, and the same manipulations performed, 
the leaves will be found to be charged with poritive olectricity, which charge, 
if the instrument be dry and warm, may be maintained for several hours. 




















‘From these experiments we lean— 


4, That the electrical disturbance of n neutral conductor by the proxi 
mity of an electrified body is of a temporary nature only, all signs of 
excitement disappearing immediately the electrified or inducing body is 
removed. 

2. That thie electrical disturbance consists in the teraporary decomposition 
‘ef the natural electricity of the conductor in such a manner that the 
electricity of the contrary mame to that of the inducing body is drawn 


> 
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from the earth, and the cover becomes charged with positive 
electricity, which cannot be compensated with a 

quantity of negative electricity from the resin, because of thi 
non-conducting power of the latter. 

‘The negative electricity of the upper surface of the resin acts 
inductively on the notural electricity of the lower surface, ut- 
tracting tho positive and repelling the negative; the latter eseapes 
or becomes neutralised through the medium of the conducting 
sole; the positive electricity cannot esenpe, being hound by the 
negative electricity of the upper surface, Thus it is that the 
charge on the resin is retained. 

‘The electrophorus is not oaly an exceedingly convenient source) 
of electricity, but it serves admirably to illustrate the operation 
and principle of induction. 

(9) Faraday's Theory of Induction,—It was by an apparatus 
constructed on the principles of the clectrophorus that Faraday 
demonstrated the important electrical fact that induction ts essen 
tially a physical action, occurring between contiguous particles, Fe 
considers that the electric force originating or appoaring at a ear 
tain placo is propagated to, and sustained at, a distance, through 
the intervention of the intervening particles of air, euch of which 
becomes polariznd, as in the ease of insulated conducting masses, 

Suppose r to be a positively charged body, and x ra previously neutral 
body at adistance, the action at ris transferred tox r through the medium 
of intervening molecules, each of which becomes electro-polar, or disposed in 

Tig. 





fan alternate series of positiv 
Of Ulack and white hemiaphi 

Again, let three insulated metallic spheres a, 
not ineontact. Let be electrified positively, 


Pig. 4 


@ 03 0 


those eiroumatances m will acquire the negative state at the surface towards 
‘A-and the positive state at the surface furthest from it, and will be charged 
negatively, ‘The ball n will be in what iscalled a polarized condition : that 
ls, the opposite parts wili exhibit the opposite electrical states; and c will 


nd negative poles, as indicated by the series 








s Cy be placed in a line, but 
‘then Cuninsulated. Under 
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section in Pig. 155 «a are the two halves of a brass sphere 
rir-tight joint at 4; cis aconnecting piece, by which the apparatus is 
to @ good stop-cock d, which is itself attached either to the metallic for 
6 oF toan air-pump; q is a brass collur, fitted to the 
‘pper hemisphere, through which the shell Jas eap- 
port of the inner brass ball A passes. ‘This ball i 
serewed on to the brass stem i, terminating above 
the brass ball n; 11s a mase of shell lac 
carefully on to i, and serving both to support and 
insulate it and its balls hn. 

‘The shell Inc stein 2 js fitted into the socket g 
bya little cement more fusible than shell tec apple 
sat m, min way as to give sufficient strength 
and render the apparatus air-tight there, yet leave 
as much as possible of the lower part of the shell 
Ine stem untouched asan insulation between the ball. 
4A, and the surrounding sphere a a; the hall A has a 
sinall aperture at m, so that when the apparatus is 
‘exhausted of one gas, and filed with another, the 
ball A may also be exhausted and filed, that no 
variation of the gus in the interval o may occur 
during the course of am experiment. 

‘Two of these instruments, precisely similar in 
every respect, were constructed, and the method 
of experimenting was (different insulating media 
Being within) to charge ooe with a Lavdet aly 
then, after dividing the charge with the otber, to 
observe what the ultimate conditions of each were, 
the intensity of the charge being measured’ by & 
carrier ball aud Coulomb's electrometer, 

Comparing together various substances by this general method, Faraday 
and Harris obtained the following values for the specific inductive capacities 

















of the bodies narned -— 
Specifie Induction. 
1 a nets Glas... 90 
Hein, 5 6 a7 Sulphur. .k argg 
Pitch . . » FB Shellac. . + 19S 
Veet-was 2 || 186 
All gases have the same inductive eapacity, independent of temperature 
and pressure. 


(11) Blectricity resides on the surface of electrined 
bodtes.—When a body recaives a charge of electricity, the charge 
does not, as in the case of heat, diffuse itself throughout the whole 
of its substance, but is confined entirely to its surface ; from this 
it follows that a metallic ball may be equally electrified whether it, 
‘be solid or hollow; and that if it be hollow, the amount of elec~ 
trisity will be the same, whether the shell of matter of which itis 
composed be thick or thin, 

A. Let Ax Le um insulated cylinder, moveable round a horizontal axis, 


———_ 
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portion of this charge for testing, by touching the inner surface with m proof — 
Plano (which lamnrely a doc of git fast oboe attached to.a stick of shell la 
the electroscope will show no signs of electricity: then touch the: 
the gasae withthe pr(-ane, aod abundant erkdeee of lett 
obtain 


4 A conical mustin bag, stiff enough to preserve its form, is attached to a 
metallic hoop, insulated, on varnished glass rod, and placed in a horizontal 
position as shown in Fig, 195 

conveyed 


Pe charge of electricity ix 


inside out by means of a silk: 
thread, co that the surface of the 
rhich 





plane, it is found that the 
‘has passed from one surfice of the 
muslin to the other, in onder still 
to be on the outside, 


Faraday constructed a light wooden chamber of 12 feet cube, 
which he bound round with copper wire so as to make the sides 
large network ; all was then covered with paper, placed in clase 
connection with the wires, and supplied in every direction with 
bands of tin foil, that the whole might be broughtinto oa 
communication, and rendered a free conductor in every part, 
day entered this chamber, which was insulated and put into ca com= 
munication with a powerful electric machine; he used lighted 
candles, delieate electroseopes, and other tests of electricity, but 
could find none within the cube, though all the time large sparke 
and brushes were darting off from every part of the outer surface, 

* The conclusion,’ says Faraday, ‘that I have come tois, that nen-conductors, 
conductors, have never yet bad an absolute and independent charge 
ted to them; and that, to all appearance, suck 
‘stato of matter is imponsible’ (Ex, Research. series xi. 1173-4.) 


(x2) Distribution of Electricity on the surfaces of Blectri- 
fled Bodies.—Although electricity is confined to the surfaces of 
bodies, its intensity is not on every part the same, except in the 
case of a sphers, on which the symmetry of the figure renders the 
taniform distribution of the electricity inevitable. If the body be 
an oblong spheroid, the intensity is great at the poles, but feeble at 
the equator. If tho body be of a cylindric or prismatic form, a 
still more rapid mugmentation takes place at the extremities, the 
‘more co ns the length boars a greater proportion to the breadth, 
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Let 4m represent a metallic dise insulated on a varnished glass rod and 
connected by a wire with the cap, a of a goll-leaf electroscope, and let A” if 
represent a similar disc in free communication with the earth by the wire ws 
Let a feeble charge of electricity be communicated to Aw; it will be diffused 
over mand the gold leaves of the electroscope will diverge to a certalm 
extent, Let 4/1 be now caused to approach An; as it draws near, the 





Fig. 19. 
rors 


: i" 


gold leaves will gradually collapse, and when the dises are almost in contact. 
the charge will beso fax withrawn from x, and concentrated on 25, that the: 
Jeaves will hung nedrly parallel, Let 4’ s’ be now suddenly withdrawn to 
fadistance; the electricity accamulated on a» being now relieved from the 
inductive influence of 4’ n’, will, in virtue of its expansive power, return and 
disluse itself over x the gold leaves of which will immediately return to 
{their former state of divergence. 

















Suppose the small change of electricity communicated in this 
experiment to an to be positive, it decomposes the natural elec= 
tricity of 4’ w’, repelling the positive or attracting the negative; the 
greater portion of the positive electricity with which 47 was 
charged is thereforo concentrated on tho surface of the plate im= 
modintely opposed to 4/ w; it is there masked, and for the time 
neutralised ; the effect on the electroscope is reduced almost to no 
thing, and to affect the leaves in the same manner as befora, am 
additional quantity of positive electricity is required: none of the 
charge communicated to 4 x is howover lost, for when the op} 

ing compensating plate is removed, the whole becomes free, it dif 
fuses itself over the entire conducting system, und the electroscope 
ia influenced by the united forces of both charges. In this way, 
charges of electricity too fecble to produce a divergence of the 
leaves of the electroscope by direct contact may be rendered een- 
sible, hence the name of condenser given to the instrument, 


—_s 
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Defere, ia the simple inverse ratio of the distances, but in the intense ratio af 
hr nyrare roots ofthe distances, a 
‘Then aa regards reflected induction of a’ s' on 4m be found— 
4. That when 4! 1° was uninsulated the force was in the iueerse ratio of the 
Ghtances between the plates. a 

&. That when a’ n’ was insulated the variation was as before, in the iawerat 
ratio of the square roots of the distance. 

(15) ‘Vartey's Multiplier.—An exceedingly ingenious instru 
ment, by which very feeble electrical tensious may be multiplied 
several thousand fold, so that by its use the tension of the feeblest 
electrical sources may be demonstrated, and sparks or other ana= 
legoun developed from a tension no greater than that 
produced by a single cell of the voltaic battery, was exhibited at 
the International Exbibition of 1862 by Mr. Varley. (Jwrort™ 

2) 

instrament might be called a multiplying indieator. It 
eomlsta of an axis, on which parallel rows of insulated brass vanes 
ovr arma ace fixed. Tho description will be simplified by conaider- 
ing one row of vanes only: a, 8, ¢, D, &e. The axis may be tumed 
Wy bend, and at two points of the revolution, diametrically opposite 
{a each othor, the vanes enter two rows of hollow insulated eover— 
ings or ehelba of brass, a 0, dy, ity Kc., and 2, Dy, byy Ye Se, These 
shell ermoeal the yancs entirely on the three sides, and are con= 
neoted one with nnother as follows :—a unconnected, a, a, joined 
Uogethier, 0, 0, ined together, a, a, joined together, &e, In the 
ayporite row, bb, are joined, b, b, joined, b, b, joined, &e. 

to bj a, opposite to b,, kc, "Thus the two rows may be 

to be arranged in alternate insulated couples. 

‘The charge to be multiplied is communicated to a, and we will 
one this charge to consist of s cortain dotinite quantity retained 

it lone by moans of perfect insulation, The axis is turned 
rund by hond. Whou the vane 4 is inside a, an earth connection 
ie made wt tho inner ond of the vane A, where it is not covered by 
the sliell. If the charge on a be positive, a negative charge of cor 
responding magnitude will be induced on 4. The chargeso induced 
‘may approach more or less nearly, according to the proportions of 
‘the instrument, to equality on the charge on a; it will always be 
somewhat low, but can onsily ba made in practice to differ very 
Hittle from the original charge. When the axis is tuned round 
willl further, the varth connection is broken, and the negative 
charge remaitia insulated on the vane A. As the axis continues to 
rovolva, tho vane A la brought inside the shell 4, and is then put 
in connection with shells b 4, by n suitable contact. The negative 
charge on A will then almost entirely distribute itself over the 








———_ 
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CHAPTER HL 
Apparatus for Exciting and Accumulating Electricity, 


(36) The Blectricat Machine.—The first apparatus that was 
constructed for the exhibition of electrical phenomena, to whieh the 
name of electrical mackine was given, was the globe of sulphur used. 
by Boyle and Otto Guericke, The substitution of glass for sul- 
phur’ was made by Newton, the rubbers in both cases being the 
hand. That important part of the machine called the prime con= 
ductor was first introduced by Bore; it consisted of an iron tubs 
suspended by eilken strings ; and the substitution of a cushion for 
applying friction in the place of the hand was first made by 
Winkler. 

‘The electric of the modern electrical machine is generally glass, 
and the form cither a cylinder or a plate; dises of gutta percha. 
and yulcanite are also employed ; and it has recently been. proposed. 
to return to sulphur, « disc of which, a metre in diameter and two 
or three centimetres thick, makes, according to M. Richer (French 
Aoaidemy of Sciences, Jan. 30, 1865), an excellent machine. 

‘The glass cylindrical elvetrieal machine is ehown in Fig. a2, 

Tt consists of, 1, » hollow cylinder of glass supported on brass bearings: 
which revolve in up+ 
right pieces of wood sights 
attached to a rectan~ 
gular base; 2, a cush- 
jon of leather stuffed 
with horse-hair, and 
fixed to a pillar of 
glass, furnished with a 
screw to regulate the 
Gegree of pressure on 
the cylinder; 3, a cy- 
Hinder of metal or 
‘wood covered with tin 
foil, mounted on a 
glass stand, and termi- 
‘ated on one side by a 
series of points, and on 
the other side by a 
brass ball. A Bap of 
coiled silk is attached to 
‘the rubber to prevent 
the dissipation of elee- 
tricity from the surface of the cylinder before it reaches the points. 


a A= 




















30 FRICTIONAL ELECTRICITY. 


‘the conclusion that the excitation of electricity 
point where the steam is subjected to friction; 





fasning steam through the jet from which it escapes. 
The hydro-electric machine is shown in Fig, 24. 





‘The boiler is ft. 6in. in length, and xt. 2in. in diametor a in th 
of the fireplace 1 6, the conductor for collecting electricity from th: 
©, the collecting pointes 1, a glass insulating stem ; D, the eseape-tubes 
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36 FRICTIONAL ELECTRICITY, 


By making 4 small ball positive by a good electrical machine with a large 
prime conductor. and approaching a large uninsulated discharging ball to- 
‘wards it, very beautifel r= 
riations from the spark to 
* the brush may be obtained. 
Figs. 33 33. 34 represent 
the various forms assumed 
dy the brush on bringing 
a knobbed conductor into 
different positions near the 
discharging ball ; the ewer 
ature of the ramifications 
‘lustrating in a beautifal 
manner the curved form of 
the lines of inductive force 
existing previous to dis 
charge, in the same man= 
ner as iron filings strewed 
fon a sheet of paper placed 
‘over a magnet represent 
magnetic curves. 

Faraday found that, like 
the spark, the brush has 
specific characters im dif 

Vig. 35. ferent gases. In nitragen 

they could be obtained with, 
far greater facility than in 
any other gas, and. when 
the gas was rareded they 
were exceedingly fine in 
form, light, and colours in 
oxygen on the other handy 
they were very poor. 

/ Brush discharge i ne- 
companied with a low dall 
chattering sound, The ge 
neral brush is. resolvable 

into number of individual brushes, each of which is the result of a single 
discharge, and the sound is due to the recurrence of the noise of each 36 
rate discharge. . 


Pig. 32. 














(6) Glow divecharge,—When a fine point is used to produce 
disruptivé diseharge from positively charged conductor, the brush 














two similar small conducting surfaces eq 
fied, one positively and the other negati 

negative can discharge to the air at a tension a litile lower | 

that required for the positive ball, and when discharge 

place much more passes at each time from the positive 

the negative surface. 






CHAPTER Iv, 


‘The Leyden Phial and Battery—Laws of Accumulated Blectricity—Velociy 
of Electricity—Physiclogical, Chemical, and Magnetic Effects, 


(22) Discovery of the Electric or Leyden Phial.—It was in 
the years 1745 and 1746 that those celebrated experiments whieh 
for many years drew the almost exclusive attention of mon of 
science to the subject of electricity were made by Kleist, Muschen- 
broek and Cuneus, 

Muschenbroek and his associates having observed that electrified 
bodies exposed to the atinosphere speedily lost their electri virtua,’ 
conceived the idea of surrounding them with an insulating sub- 
stance, by which they thought that their clectric power might be 
preserved for w longer time. Water contained in a glass bottle 
‘was nccordingly electrified, but norematkable results were obtained 
till one of the party who was holding the bottle atteny to dis- 
engage the wire communicating with the prime conductor of 
powerful machine; the consequence was, that he received a shock 
which, though slight compared with such as are now frequently 
taken for amusement, his fright magnified and exaggerated in w 
Jndicrous manner 

‘The following is an extract from a letter written by Von Kleist 
(sho appears to have boon the real discoverer of the electric phial) 
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‘contro of the foot, asshown by the dotted lines in the figure. When the jars 
are omployed singly, they should be placed on a conducting base, supported. 
ly shart columns of varnished glass, so that if necessary they may beinsulated, 


_(a§) Charging and Discharging Eloctrometers,—The: 

tity of electricity necumulated in a jar or battery (Figs. 36 and 43) 
may be roughly estimated by the number of turns of the machints 
‘or more correctly, by the unit jar; its intensity may be determined 


imatively by the amount of repulsion between any two 
moveable bodies under its influence, 





‘The instrument shown in Fig. 59 is known as Honhy's Quodrant Electro 
meter, ‘Wt consists of a graduated semicircle of ivory a, fixed to a red of © 
wood d, From the centre of a a light index of dry straw descends, tere 
wiuating in a pith-ball, and readily moveable on a pin. To use ity (te 
wed from ite stand and fixed ina hole on the top of the ball of the 
jar, the charge of wijich {t ia intended to indicate; as the charge increases 
the pith-ball mover from its centre of suspension and measures the intensity 
‘upon the graduated bemicirel 
Fig. 40 represents the apparatus contrived by Mr. Lane for regulating the 
explosions from a Lagden phial: a is the prite corductor, & the jar, of tbe 
wite communicating with tho interior of which is fixed the arm of a bent 


varnished od ¢, and on the end of this is cemented the brass knob Dy 
ball the wire fd alides, so that d may be brought to ai 

from the knob af the jar ¢, A. simple inspection of thy 

how this discharging electrometer acts, aud how by im 

the distance betwoon d and ¢ the strength of the charg 
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force of repulsion depends upon the intensity of the 

hhas to overcome affords a measure of this ‘and 

menter to regulate the umoaut. Suppose the to be 

and we wish to double the aceumalation of electricity in Ene it 
the slider most be set to twenty ynains, the electrical forve being the ayant 
‘of the quantity of electricity accumulated. 

Henley's Universal Discharger-—A very useful apparatas for directing with 
precision the charge of a jar or battery is shown in Fig. 42, Ie consisteot 
wooden stand with a socket fixed in the centre, to which may be gci- 
jonally adapted a small table, having a piece of ivory (which is « ot 

conductor) inlaid on its suface, ‘The table may be raised and kept 
proper height by means of & 
serew a, ‘Two glass pillars, Fy 
Bee fre cemented into the woods 
stand. On the top of each of these 
pillars is fitted a brass cap, iste 
ing a ring, m, attached a 
containing a Joint moving 
vertically and aod 
carrying on its: a 
tube, admnittin, cae 
through it. of 
torminuted at one and 
bress ball « b screwed on pet 
or by @ pair of brass foreepy| 
is furnished at the other extremity with a brass ring or a handle of solid 
glass. The body throngh which’ the charge is intended to be sent ls 
placed on the table, and the sliding rods, which are moveable im every 
direction, are then by means of the handles brought inte cootact with the 
opposite sides; and one of the brass caps being connected with the outside 
‘of the jar or battery, the other may be brought into communication with the 
inner coatings by means of a common discharging rod (Fig. 36). Por some 
experiments it is more convenient to fix the substance on which the experic 
ment is to be made ina mahogany frame 
which 
the table, In either of these ways the 
poirt of the substance with the greatest accuracy 


(26) The Leyden Rattery— Whore several jars are electrically 
united together the arrangement is called an Electrical Battery. 
Fig. 44 represents such an apparatus, It consists of fifteen ji 

the inside contings of all of which are metallically connected by 
brass rods, and the bottom of the box in which they stand being 
lined with tin foil, secures a continuous conducting surface 
for the exterior coatings. The battery is shown withea Qulh- 
bertson's Balance Electrometer, and an apparatus for deBagrating 
metallic wires attached, Tt is charged in the sam manner as & 
Simple jar, by connecting the metallic ods in communication with 
the inside coatings with the prime conductor, as shown in the 
figure, the metallic lining of the box being in good communication 











then negatively: on gently dusting the surface with a mix 
and red lead, a series of red and yellow outlines, known as. 
figures, will be formed. 
3: Free Charge—Provide a jar, the exterior coating of 
Charge this jar in the usual manner, and then placeit on an it 
toach the knob from time to Lime with a conducting body, the 
‘will thus ultimately be removed, and the glass will be brought to 
state, Now charge the jar again, remove the outer coating, and 
ou the insulating stand; in this state it will retain its charge for an in 
finite period. ‘The reason of this is, that the wire by which the 
‘communicated to the interior coating being left attached to 
does not take place solely through the glass to the opposite coating 
ly directed through ihe air to surrounding conductors, This 
ally called ‘free charge,’ and on removing 


‘which is now at liberty to direct itself from that part to 
But when the exterior coating is removed, the induction is 
entirely through the glass, and the charge on one side is sustained by 
exactly equal quantity of the contrary electricity om the other; all fi 
ference with the surrounding objects is thus cut off, 

‘4 Jura charged ly cascade.—Let a series of jars be arranged on 
stands, as shown in Fig. 46, taking care to establish a good 





‘ill pass between the outside of that j 
tthe outside of the second and the bail of the third, and so 
all the jars will be charged, and each may be discharged singly, or the whole 
may be #0 connected as to produce one discharge, the force of which shall be 
‘equal to the sum of al] the separate ones, For this purpose the jars art 
placed upright on one common conducting basis, and their inner coatings 
‘metallically connected together, the whole series may then be discharged 
precisely as a single jar. 

Mr. Baggs has described a method of charging and placing the jars by 
which a disruptive spark of unusual length and brilliancy is produced. ‘The 
{nts aro charged separately and to the same degree of intensity, then placed 
quickly in series of positive and nogative surfaces very near to each other 
but not touching. 

‘The method of charging a series of iars ‘by easeade’ was invented by 
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‘ie of s charge! phil ant bring the other quickly in contact with the 
qmnecanh with the inper costing, discharge will take place and, 
‘fll ewe isto # flaxoe, 
(2) Place some ganpowder in the insulated woodea cup 

bring immediately over it the 
which moves oo a ball and sock 


ren 








coatings may be repeated a great many times 
Jn order to understand this instructive © 







Plas st. 


portion of the lage. 
must be liberated from 


the opposite alee 
‘as before from x; el an Je cae 


now escape to the earth, it 
free electricity, and repels the 
troseope #. But this free 

becomes gradually dissipated, 
thus the entire change is after a time 
lost. 

‘The same general principles may 
be illustrated with a Leyden 
thua: let the jar (the outer coating of which is a little Wher 
than the inner) be charged, and its ball and rod be immediately 
removed by a silk thread; now apply a carrier ball to either cee a 
inside or the outside coating; no signs of electricity will he 
obtained, the two forces being entirely engaged to each ois indue- 
tion through the glass, Now insulato the jar, and restore the ball 
and rod. Under these circumstances induction will take 
throngh the air towards external objects, the tension of the 
Polarised glass will fall, and the parts projecting ubbve the jar 
‘will give electrical indieations and charge the carrier; a®the same 
time the onside coating will be found in the opposite electrical 









state. Agnin, place n cylinder of wire gauze on a plate of shell Inc, 
and over it, but not resting on tho lac, another similar but larger 
cylinder; these cylinders correspond with the coatings of a Leyden 
ju, the glasw of which is represented by the intervening dielectric 
fay’; ot a small charge of electricity be conveyed from the prime 
conductor of au electrical machine to the inner cylinder, by means 
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The Eluctro: Thermometer —This is shown in Fig. 53. Tt consists of an alt 
thermometer, Chrough the bulb of which there is stretched air tight a fine 
Wiatioum wire; ve bulb I screwed also air tight on a small open vessel 
‘eqotalning @ coloured liquid, and soldered to the extremity of a Jong bent 
gluse tubs, 10 which ie adayted a graduated scale; the fluid is adjusted to the 
ro of the seale by & amall acrew valve at the top of the bulb. “When an 
deetrical accumulation is discharged through the platinam wire it becomes 
Reatod moro oF lest, expanding the air and foreing the coloured fluid up the 
vertical tube, the helght to which it ascends being measured on the scale, 

‘The helght to which the liquid rises is as he aquare of the quantity of electré- 


discharged. 
The Unit Jar—This is shown in Pig. $$. Tt consists of a small jar, x, 
‘exposing about six inches of « costed surface, inverted on w brass rod Axel 
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. The itity of electricity, 
Seer rata Ser thee exalt wt Te 

If Land 6 represent respectively the tengtl and breadth 
Hatanilnaigretine tat ty = 

na tb U8) 
which is found to agree perfectly with experiment 

It is nocessury, however, to bear in mind the difference betwes 
electrical charge nud electrical intensity, By ths Sato aa 
derstands the quantity which can be sustained upon agiven 
ad a given electrometer indication; by the latter the ‘ elentr 

joation’ answering to a given quantity upon « given sit 
an By the term quantity of electricity, he understands the actual 
amount of the unknown agency constituting electrical force as rept 
sented by some arbitrary quantitative electrical measure, 

The electrical intensity of plane rectangular surfaces Tals 
found to vary in nn inverse ratio of the boundary multiplied into 
the surface. If the surface be constant the intensity ia inversely 
as the boundary. If the boundary be constant the intensity isin 
versely as the surface. If both vary alike and together, the inten 
sity is us the square of either quantity, so that if when the surfuse 
be doubled, the boundary be also doubled, the intensity will be 
inversely as the square of the surface, ‘The intensity of a plane 
seotangular surface heing given, we may always deduce therefom 
its electrical charge under a given greater intensity, since we only 

Wwire to determine the increased quantity wquisite 10 
‘the electrometer indications up to the given required intensity, 
‘This is readily deduced, the intensity being by a well- 

Jaw of electrical force ax the syuare of the quantity. 
‘Those laws relating to charge, surface, intensity, &e,, vel ae 

especially to continuous surfaces taken as a whole, and not to 
faces divided into separated parts. If the result of an el 
accumulation upon a plane rectangular surface taken as a whole be 
examined, and the results of the same necumulation upon the anime 
susfice divided into two equal and similar portions distant from: 
ench other, it is found that if ns the quantity iv increased the sar 
face and boundary be likewise increased the intensity does mot 
change. 

If three or more separated equal spheres be charged with three or mare 
‘qual quantities of electricity, and be each placed in separate connection with 
the electrometer, the intensity of the whole is not greater than the Intensity” 
of one of the parts. larly, a battery of five equal and similar jare 
charged with a given quantity of electricity =1, has the same intensity as & 
battery of ten equal and similar jars with a quantity =2, so that the intensity 

‘ten jars taken coyether is no greater than the intensity of 
Jara taken slugly. 
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reddened at » by two or three turns of the machine, and. 

turns plenty of alkuli was there evolved. On turning the 

‘that the spot came under p, and then working the machine, 
disappeared, the plate became yellow, and a brown alkaline spot. 
‘the new part ander nm, When pieces of litmus and turmeric | 
wetted with solution of sulphate of soda, were combined, and put 
glans s0 that p was on the litmus and non the turmeric, a ¥ery 

the machine sufficed (o show the evolution of acid at the former and t 
at the latter. 


In these experiments the direct passage of sparks must re 
fully avoided. If sparks be passed over moistened Lit 
is reddened, and if over paper moistened with solution of iodide o 
potassium, iodine is evolved. But these effects must be distin 
guished from those due to electro-chemical pawers or true elathd- 
Jytio action, and must be carefully avoided when the latter ay 
sought for. The effect just mentioned is occasioned by the forma 
tion of nitrio acid by the chemical union of the oxygen and mitroges 
of the air. The acid so formed is in a high state of concentration, 
and therefore reddens the litmus paper, and decomposes the iodide 
47) Magnetic Btects,—The magnetic power of the 
electric current, thongh far inferior to that of the voltaic current, 
nevertheless decisive, 


1, Lay an unmagnetised steel neodle transversely on a strip of copper, & 
thin plate of glass or a piece of gutta-percha being interposed betwee 
two; pass a fow discharges from the Leyden phial along the 
needle will be found to bave become magnetic; note the Solaris Desai 
the point of the needle, then make a similar experiment with another 
placing it wader the copper plate; the polarity will be found to be 
‘An the first experiment the end of the needle, which lay to the right of the 
electric current, will be a north pole; in the second experiment it will be & 
south pole, 

2, Place an unmagnetised needle within a spiral of copper wire coverel 
With silk a few sparks from the prime conductor of a powerful machine will 
render it magnetic; a charge from a Leyden phial, sent through the coil 
‘will ronder it powerfully so. The needle being magnetised and its polarity 
‘noted, let it be replaced in the spiral, and transmit the electric current $0 
that the north pole of the needle shall lie on the right hand of a cea 
inwhich the carrent moves 5 after a few discharges the polarity of the 
‘will be reversed. 


‘When a powerful discharge is determined through the wire of a 
galvanometer, the needle is deflected, but the effect is very fooble. 
A more entisfactory result is obtained when the end of the galvano- 
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‘During whole hours in the daytime the electricity was mil | 
decome very strong, and soon after again imperceptible,” 

(39) Aunual and Diurnal Changes, — The 
free electricity of the atmosphere increases from the 
to the month of November, inclusive. It is also subject 
variations, there being two marina and two minima every: 
four hours, The first minimum takes place a little 
rising of the sun; as it rises, the intensity at first gradually and 
then rapidly increases, and arrives at ita first maximum 
hours after. This excess diminishes ut first rapidly and afterwards 
slowly, and arrives at its minimum some hours before sunset. It 
voascends when the sun approaches the horizon, attains ite second 
maximum a few hours after, then diminishes till sunrise, and pro~ 
ceeds in the order already indicated. 

(@) Observations at the Kew Observatory (Ronalds)—A series 
of electrical readings was taken at the Kew Observatory. 
period of three years and seven months, viz., from January 
to July 1848, The observations recorded amounted to 19,509 
10,176 of which were positive, and 324 negative, The grentast 
number of positive observations, viz, 1,047, were recorded At 
4 at, and the least number, viz. 566, at 6 A.w.; the hour of 

jum tension was 2 A.xt, a gradual rise taking’ place from that 
ena exl CAGE, Hetirsen Suc hom OF 6 antl wal a rapid rise 
oeearred, the tension being nearly doubled; it then increased 
gradually until x0 4,2. when a maximum was passed, after which 
it gradually declined until 4 v.2,, the epoch of diurnal minimum 
as contradistinguished from the nocturnal minimum. ‘The tension 
then rapidly increased until $ P.at,, and at x0 Pat, passed another 
maximum rather considerably above the maximum of 16 Ail. 
From 10 Pat, to midnight the diminution of tension was enormous, 
The midnight value was but slightly above the value at 2 aa, 
the epoch of the minimum. 

Of the 10,276 positive observations, 5,514 were taken in the 
sammer months, and 4,662 in the winter monthe, Greater 
formity prevailed during the summer than during the winter, 
though there was # considerable diminution of tension between 
xo P.M. and midnight; 2 4... was the epoch of the principal mini 
mum, the tension gradually rising until 10 p.a., the formoon 
maximum ; the succeeding minimum occurred at noon, gradually 
rising till 6 v.at,, and then rapidly till 10 v.2,, the principal maxi= 
mum, from which time till midnight the decline was very can= 
siderable. In the winter the range and amount of tension was 
much greater than in the summer: the minimum was at ¢ Aah, 
rising gently to 6 a.at, and rapidly to 10 A.m., the forenoon 
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respective values 6os and 47; 80 that the ele 
thirtecn times more energetic than in the mouth 


state of the sky. 
‘Quetelet also noticed a strong electricity, either p 
tivo, nt the appronch or cessation of rain, During the 
yours ineluded in his register, the electricity was 
negative oply twenty-three times, and these indications 
ceded or followed rain and storms. 
The following conclusions, deduced by Quetelet from his 
vations made to ascertain the diurnal variations of 
electricity, are in close accordance with those of Birt, as } 
from the Kew observations — i 
4 The electricity of the air, estimated always at the samo height, wnler= 
(goes a diurnal variation, which generally presents two maxims Anil OW 
minima, 


2, The maxima and minima vary according to the different periods of 
the year . 


The first maximum occurs in summer, before 8 A.at. and toward 10 Ade 


fa winter. ‘The second maximum is observed after 9 ra in the evening it 
euromer, and towards 6 ¥.st, in winter. The interval of time which 


‘the two minima is therefore more than thirteen hours at the epoch of tha 
summer solstice, and eight hours only at the winter sol 


& The minimum of the day presente itself towards 3 o'clock im the 
‘summer, and towards 1 o'clock in winter. 


j. ‘The instant which best represents the mean electric state of the day itt 
the different searons occurs about 11 a.m. 

(40) Observations of Beccaria and Thomson.—Beccarin has 
remarked on the rary occurrence of negative atmospheric indications 
during fair weather: during a period of fifteen years he recorded 
the electrical state of the atmosphere negative only «ir times 5 bite 
‘Thomson found, on several days of fair unbroken weather in April 
and May, negative atmospheric indications during short periods, 
and on each occasion there was a sudden change in the wind— 
generally from NE, to NW., W., or SW. . 

Thomson explains the reversed electric indications observed 
about the time of a change of wind in the following manner:— 

‘The lower air up to some height above the earth must in general be more 
or Jess electrified with the same kind of electricity as that of the earth's 
surface; and since this reaches a high degree of intensity on every tree-top 
and pointed vegetable dre, it must always cause more or less of the pheno= 
menon which becomes conspicuous as the light of Castor avd Pollux, known 
to the ancients, of the fire of St- Elmo, deacribed by modern sailors in the 

ny and which consists of a flow of electricity, of the kind pos 
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part of which is hollowed out and lined with coppers 

iin he wan apart op eh 
atantly burning, for the purpose of heating the 

the glass dry. The glass cone is protected from rain. 

from which proceeds the wire ¥, communicating with the electrical Ip 
‘ments in the anteroom. 

3 The Blectrometers—The observations at Kew and Greenwich 3 
taken with a Henley's electrometer, by which the foree is 
straw, terminating in a pith ball, which together constitute a) 
that is inserted in a ball working by two fine steel pivota; and by 
lectrometers, feo in number. No, 1 is so constructed that a given 
force causes « pair of straws of known weight to diverge Their 
is measured on a circalar aro of the samo radius as the length of the 
‘which is so gradaated as to indicate half the distance in are between the 
extremities of the straws in half Parisian lines, each of the divisions, whieli 
areat equal distances from each other, being equal to half aline. 1t is elear 
from this construction that upon measuring the distance between the straws 
ina right line, ‘the line of half the angle subtended by the extremities of the 
straws is proportional to the electric tension of the charge. 

No, 2 electrometer was 0 constructed that each division was exactly 
equal to,fioe of No. 1; and the circalar aro is graduated to read at once in 
terms of No, 1. The difference in the electrometers consists in the straws of 
No. 2 being heavier than those of No. 1, in such proportion ss to increase 
the value of th readings in the ratio above mentioned. As in No. 1 the 
sine of half the angle of divergence is proportional to the tension, #0 in No, 
2 precisely the same value of the tension obtains—vix, the sine of half the 
angle of divergence, the linear value of the sine itself being proportional to 
its value in No. 1 for the same force: thus a force that would diverge the 
straws in No, to an angle of 30? would only open those in No. = to-an angle 
of @, and in each instrument the sine of 15° and 3° respectively would 

represent the foree. Ono degree of Henlles's 
electrometer is nearly equal to 100° of Volta 
No. t; and by converting the readings of the 
lutter into measures of arc, Volta No. 1, 
Volta No. 2, ant Henley’s may all be ex 
pressed in degrees of the circle, the sins of 
whieh are readily ascertainable, 

‘The Volta electrometers are placed on the 
table of the pedestal, with their caps. in, com= 
tact with the con actor, and the Henley's 
electrometer is serewed into a ball fixed at 
tho extremity of one of the horizontal arsna, 

4 The Gold Leaf Electroscope.—The wires 
(Big. 60), terminating in a pair of forceps, 
‘which carry the paper to which the gold Jeaves 
are suspended, passes through the glassatopper 
».which is ground into a long-necked bottle cy 
‘with a metallic-base 5 and a strip of brass, 
ne, is bent and screwed to the inside of my 
‘The neck cis well covered with sealing-wax 
both inside and out, To preserve the insulating 
power of the instrument, it is surrounded at 


























ruin un cobra of te gas cor ond beste 
‘centre of the glass cover, 

Sees te 
Aight slominiam 


neadle attached across the 


electrode attached to the cage (8), and projecting 
Ith Jar to the eulsido tre raatal coe (4) throug the centre of an aj 
ture about a quarter of an inch in diameter, 

‘This instrument is adapted to measure differences of “po 
Detween two condueting systems—namely, as one, the alu 
‘needa (5), the repelling plates (7), and the inner 
jar; and us the other, ah insulated glass cage (8). 


any degroe without causin r 
wa dele fon the other hand, the two 
with 
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about ten inches head of water, and m: 

trouble in replenishing the can with water, 

js collected so quickly that any diffurence of 

the insulated conductor and the air, at the place 

from the norale breaks into drops, is done away 

five per ceut. per half-sccond, and even faster. 

anoderate degree of insulation is sensibly as good as 

‘as observing the atmospheric effet is concerned. \ 
By drying the atmosphere round the insulating stems 

of pumice-stone, moistened with sulphuric acid, a bigh - 

insulation may be insured in all weathers, but it is necessary 10 

keep the outer part of the apparatus clear of spider-ines, 


An apparatus constructed on this principle was emplored by Thomson it 
rome examinations of atmospheric electricity at Inverelay. Tt stood Oa X 
table beside a window on the second-floor, which was kept open about ai 
inch to let the discharging tube project out without coming iste contac 
with the frame, The nozzle was only about 2} feet from the 

nearly on a level with the window-sill, ‘The divided-ri rn 

(q2 LJ stood on the table beside it; it acted remarkably well, 
‘eupplied with a Leyden phial, consisting of a common thin white glass 
instead of a German glass jar, which Thomson found not to hold tte ebangh 
well. : 

‘The index required 131° to 14° of torsion to bring it to 20re, when 
aside by the electro-motive force of 10 cells of zine and copper eharieed 
‘The atmospheric effect ranged from 30” to abont 420° during 
of the experiment; that is to say, the electra-motive fore) 
foot of air, measured horizontally from the side of the house, was from 
426 tino copper water-cells. The weather was aliost perfectly tle, 
ither calm or with slight east wind. ‘The electrometer, twice within. hall 
an hour, went above 420°, there being at the time a fresh temporary breeut 
from the east. 

What Thomson had previously observed regarding the effect on an eait 
wind was amply confirmed, Invariably the electrometer showed very hight 
‘positive in fine weather before and Auring east wind. Tt generally rose were 
Tanch shortly before a slight puff of wind from that quarter, and contiouel 
high till the wind would begin to abate, The electrometer was never’ obe 
served to go up unusually high during fair weather without east wind 
following immediately. 

Cloudy masses of air at no great distance from the earth, certainly not 
more than a mile or two, influence the electrometer largely by the electricity 
ny carry. 























* The torm electric potential is defined by Prof. Wm, ‘Thomson as fol- 
lowe :—*Tho potential, ‘at any point in the neighbourhood of or within an 
clectrified body, is the quantity of work that would be required to bring 
unit of positive electricity from nn infinite distance to that point, if the given 
istribution of electricity remained unaltered,’ (Paper read before the British 
Association, 1852.) 
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*Pornished with this ci arbre ap ae Sprat 


by which it was held might be kept dry, as it would become a. 
Siete ten wand ty male ies SE 
which it was provided. A cloud, apparently charged 


‘was clectrified, He presented his knuckle 
spark was perceptible. After the lapso of some time, however, he 
the fibros of the con near the key bristled and stood on end. He 


\d received a strong bright spark, ‘nwa igi, 
A shower now fell which, wetting the cord of the kite, improved its eot- 


periments which were wont to be made by electricity were reproduced 
identical in all thefr concomitant circumstances,’ 


Tt appears that the first spark from an atm a 
apparatus was obtained by M, Dalibard, at Marly-la— 
month before Franklin's kits experiment in America, bab aa hile 
arrangements were made at the suggestion and on the principles of 
Franklin, it is unquestionably to the latter the honour of 
established the identity between electricity and lightning must 
awarded. 

‘Franklin's experiment was eagerly repeated in almost every civil 
ised country, and with variable succass. Tn France a grand result 
yas obtained by Romas, who constructed a kite seven fect 
which herised tothe height of 550 fect by a string having bese 
interwoven throughout its whole length. It is etated that on the 
a6th of August, 1756, flashes of fire ten eet long were piven 
off from this conductor. In 1753, Professor Richmann, of St. 
Petersburg, was struck dead by a flash of lightning from an ex 
ploring apparatus he had erected for the purpose of repenting 

cin's experiments. 

Lightningand thunder then arentmospheric electrical phenomena, 
and a thunderstorm is the result of an electrical disturbance arising 
from the accumulation of active electricity in masses of vapour con- 
densed in the atmosphere, Agreeably with the laws of induction, 
a mass of electrified vapour determines an opposite electrical state 
over that portion of the earth’s surface directly opposed to it 








particles of intorvening air assume a peculiar forced electrical state | 
‘which has been termed ‘polarised,’ and when the tension has been | 
raised to a certain point, and the particles can no longer resist the 

tendency of the opposite electrical forces to combine, they are dis 





‘A great difference will be observed in the appearance of the 
flashes of lightning during a thunderstorm, The scene is some- 
Vimes rendered awfully magnificent by their brilianey, frequen 
and extent; darting sometimes on broad and ines 
from eloud to cloud, and sometimes shooting towards the earth; 
they then become zigzag and irregular, or appear as a large and 
rapidly moving ball of fire, an appearance usually designated 
‘the ignorant n ¢hunderbolt, and erroneously supposed to be 
by the fall ofa solid body. The report of the thunder is also: modified 
according to the natnre of the country, the extent of the air 
which it passes, and the position of the obsorver, Sometimes 
sounds like the sudden emptying of a large cart-lond of stones, 
somotimes like the firing of a volley of musketry—in these cases it 
usually follows the lightning immediately, and is near at hand. 
‘When more distant, it rumbles and reverberates at first with » 
loud report, gradually dying away, and returning at intervals, or 
roaring like the discharge of heavy artillery. 

In accounting for these phenomena, it must be remembered that 
the pnssage of electricity is almost infinitely rapid. A discharge 
through a circuit of many miles has beén experimentally proved to 
be instantaneous, The motion of light is similarly rapid, and 
hence the flash appears montentary, however great the distance 
through which it passes; but sound is vastly slower in its pro 
gross, travelling in air, nccording to the most recent experi 
of the members of the Paris board of longitude 1,215 fect in m 
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land if the discharge divides on approaching a terrestrial 
sailors call ‘forked lightning;" if it does not divide, but exhibits 
ippling line with bat litte deviation, they call it + chain Hightming? wi 
sailors term * sheet lightning “is the light of a vivid discharge, Iv 
tho surface of distant clouds, the spark itself being concealed by a deme 
Intermediate mass of cloud, behind which the discharge has taken 
this way an extensive range of cloud may appear in a blaze of 
effect. nee termed * 

is, no doubt, always 
‘a diffusely luminous track:: this may, however, be completely 
mind of the observer by the great concentration unit density of the 
in the points immediately through which it continues to foree 
‘where the condensation of the air immediately before it ts oftem 
great. Itis this intensely luminous point which gives the notion of 
Jar discharges; and it is clear, from the circamference of air which may 
become illamn: the apparent diameter will often be great’ 


In many eases in which distinct balls of fire of sensible durntion 
have been perceived, the appearance may have resulted from & 
species of brush (20, 0.) or glow (20, ¢.) discharge, and it 
ig not difficult to conceive that before a discharge of the whole 
system takes place, that is to say, before the constrained condition 
of the dielectric particles of air intermediate between the clouds and 
the earth becomes as it were overturned, the particles nearest oue of 
the terminating plains or other bodies situate on them may begin 
to discharge upon the succeeding particles, and make an effort to 
restore the natural condition of the system hy a gradual process. 

(50) Positions of Safety during a Thunderstorm,—If out 
‘of doors, trees should be avoided ; and if from the rapidity with 
which the explosion follows the flash, it should be evident that 
the electric clouds are near at band, a recumbent position on the 
ground is the most seeure. It is seldom dangerous to take shelter 
under sheds, eurts, low buildings, or the arch of a bridge; the dis 
tance of twenty or thirty fect from tall trees or houses is rather ait 
eligible situation, for should a discharge take place, these elevated 
bodies ara most likely to receive it, and less prominent bodies in 
the neighbourhood are more likely to escape, It is right to avoid 
water, for it is a good conductor, and the height of a human bei 
near the stream is not unlikely to determine the direction of « dis 
charge, Within doors we are tolerably safe in the middle of 
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She bout arcep oto assume an inclined position. If the arm be 
caused to move upon its centre, p, 20.28 to allow tha artificial cloud a 
‘vhe point », the arm will gradually assume its previous hori- 

Position, in consequence of the influence of the point in neutralising 
Vopposite forces. As the artificial cloud continues to approach the polit, 
Wenetion proceeds so rapidly as frequently to produce a whizaing sound, 
(bent arm recovering at the saine time its horizontal position, The 
[=p 4, 40 far from being attracted by the point, actually recedes from 


Pepresants very faithfully the nature of the operation of pointed boxties 





Mig. 66, 








to fall upon bodies out of that line — 


Lay some small pisces of gold leaf on a piece of paper, 
Fig. 65; pass a dense shock of electricity (from not less than 
feet of coating) over these from the commencement at 4 to the te 
at B, so a8 to destroy the gold: the line which the. 


In Fig. G6 its paricalariy werthy of remark that not only re the pls 
5, 6, 14. 15, 48, 19, 22, 23 untouched, being from their positions, 
facilitating the progress of the discharge, but even portions of other 
Whieh Dave ao operated ee left winjora, ae 3:3, 365 a 
any tendency to a lateral discharge, even up to the point of 
the metallic circuit in which the charge has proceeded. Indeed, mx 

is the effect 


the mast and hell of a ehip, and that therefore any far Uhat «condi 
ip’s mast would operate on the magazine is quite unwarranted. 
(53) Zightaing Conductors for Ships-—Formerly the cos- 
ductors used for protecting ships aguinst the effects of 
cousisted of chains or links of copper about the size of a gon 





His original proposition (Nautical Magasine, 1852) was to fae 
corporate with the masts a series of eopper plates from the trugk 
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and including ten years common to both periods, there are sixty recorded 
‘cases of ships struck, and in every instance destructive damage ensued, and 
in many cases to a frightful extent. It thus appears that ships not furuisbed 

ith the new conductors have been struck by lightning more frequently than 
ships having such conductors in the proportions of three to two. A result 
quite conclusive of the question whether such conductors do or do not 
operate in attracting lightning to the ship. In short, since the general 
introduction of this system into the public service, damage from lightning 
has vanished altogether from the records of the navy. 


‘As an illustration of the tremendous explosive power of light- 
ning when it strikes the unprotected mast of a ship, we may quote 
the case of H. M. ship ‘Elephant,’ which was struck by a powerful 
flash of lightning in November 1790. 


Tho mast weighed 18 tons; it was feet in diameter and 110 feet long, 
and was strongly bound together by iron hoops, some of which were half an 
inch thick and 5 inches wide; yet it was shivered into pisces, and the hoops 
‘were burst open and scattered around amidst the shattered fragments of the 
wast. (Harris) 

‘An instructive illustration of the protective power of aconductor 
is afforded by the instance of the ‘ Dido,’ which was struck by 
Difureated flash of lightning which fell upon the main royal mast 
in May 1847. 

‘One of the branches struck the extreme point of the royal yard arm, sich 
twas not supplied with a conductor, and in its course to the conductor on the 
mast demolished the yard, and tore in pieces or scorched up the greater 
part of the sail; the other part fell on the indle and truck, which 
lant was split open on the instant that the discharge seized the conductor. 
From this point, however, the explosive action ceased, and the discharge 
freely traversed the whole line of the conductor, from the masthead (w! 
was supplied with a conductor) downwards, without doing further damage. 























(54) Volcanic Mruptions in the Sea.—These being gene- 
rally attended by thunder and lightning, may be classed among 
electrical phenomena. In June 1811, Captain Tilland observed, 
off the island of St. Michael, one of these marine volcanoes, of 
which he has given the following account (Phil. Trans.) -— 

“Imagine an immense body of smoke rising from the ses. In a quiescent 
state it had the appearance of a circular cloud revolving in the water like a 
horizontal wheel, in various and irregular involutions, expanding. itaelf 
gradually on the lee side; when suddenly a column of the blackeat cindery 

ire, rapldly succeeded 

lay others, each acquiring greater velocity, and breaking into various branches 
resembling a group of pines; these again forming themselves into festoons, 
of white feathery smoke. During these bursts the most vivid flashes of 
ightning continually issued from the densest part of the voleano, and the 
tumns rolled off in large masses of terey clouds, gradually expanding 
themselves before the wind, in a direction nearly horizontal, and drawing 
yp a quantity of watersponte. Ip less than an hour a peak was visible, and 
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(56) Waterspouts,— Electrical agencies are 

concerned in the production of 

what whirlwinds are on land. Those 

to arise from the operation of electrical attraction, The 

aocount of n waterspout which nearly overwhelmed the wes 
iven by Captain Beochey, in his published account of his voyage 

Bie Pail when he commanded the ‘ Blossom 2-— 

“Tt approached amidst heavy rain, thander and Tightal 

seen until it was very near tho ship. ‘The wind blew with great violeweh 








within thirty feet of the water, where it was hid by the foam of the ti 
being whirled upwards by a tremendous gyration. It changed its directiea 
afar twas fst one, und thretenad Se pais svat Uo aa delng 
diverted from its course by a heavy gust of wind it gradually receded, On 
the dispersion of this magnificent phenomenon, we observed the coluna bt 
{dminish gradually, and at longch retire from the cloud from ee te bi 
descended, in an undulating form .... A ball of fire was observed tobe 
precipitated into the sea, and there was much lightoing, The colummf tht 
‘waterspout first descended in a spiral form, until it met the ascending eolwan 
‘a short distance from the sea. A second and a third were 

‘which sabsequently united into one large column; and this again separtted 
in three small spirals, and then dispersed, ‘The barometer was not affectel, 
‘wut the thermometer fell eight degrees. The gyrations were in w direction 
contrary to that of the bands of a watch.’ 


‘The appearance of a waterspout, as seen by Captain Beechey, at 
‘the commencement of its formation, is shown in Fig. 69. The 
cone gradually elongated, and as its apex approached the sea the 
surface of the latter was perceptibly agitated, and became whirled 
in the air with a rapid gyration, forming a vast basin, from the 
centre of which the gradually lengthening column ‘seemed to drink 
fresh supplies of water, as shown in Fig. 70. After a time heavy 
‘rain fell from the right of the arch at a short distance from the 
spout, upon which the water-spout began to retire. ‘The sea, on 
the contrary, was more agitated, and for several minutes the basin 
continued to increase in size, although the column was consider~ 
ably diminished. Its appearance at this time is shown in Fig. 71. 
Tn a faw minutes more the column had entirely disappeared. ‘The 
sea, however, atill continued agitated, and did not subside for 
three minutes after all disturbing causes from above had va- 
nished. 

(57) The Aurora Borealis.—Although no theory that has 
yet been suggested to account for this magnificent meteorological 
phenomenon has received general acceptation, it is evident that 
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the agent to which its development is due is electricity, influenced: 
in some as yet unascertained manner by terrestrial magnetism. 

The appearance of an aurora may be closely imitated by passing | 
a stream of electricity from the prime conductor of an electrical 
machine through a tube exhausted of air—the samo variety of 
colour and intensity, the same undulating motions and occasional 
coruscationa, and the same inequality in the luminous appearance 
are exhibited as in the aurora, and when the rarefaction is consider- 
able, various parts of the stream assume that peculiar glowing 
colour which eceasionally appears in the atmosphere. 

This beautiful experiment is thus modified by De la Rive 
(Comptes-Rendus, Oct. 15, 1849). 


A cylindrical rod of iron is cemented air-tight into a glass globe. It is 
covered, except at its two ends, with an insulating and thick layer of wax. 
A copper ring surrounds the bar above the insolating layer in ite internal 
Part, the nearest to the side of the globe; from this ring proceeds a con- 
ducting-rod, which, carefully insulated, traverses the same tubalure as the 
iron bar, but without communicating with it, and terminates externally in 
knob or hook. The air being rarefied throagh a stop-cock attached to « 
second tubulare, the hook or knob is made to communicate with one con 
ductor, and the external extremity of the bar with the other conductor of 
tan electrical machine; the electricities unite in the globe, forming more 
or lew regular fascicle of light. On bringing the external end of the irea 
bar into contact with a pole of an electro-magnet, taking care to preserre 

the light becomes a luminous ring, which rotates rownd the 
Jar in a direction regulated by the magnetization of the bar. From this 
Juminous ring brilliant jets issue and form the fascicle. - On removing the 
electro-magnet these plienomena cease, giving place to the previous appear 
ance, and what is generally known by the name of ‘the electrical egg" 

‘The following is a general description of the aurora as observed 
by M. Lottin, at Bossckop, in the bay of Alten, on the coast of 
‘West Finland, in lat. 70° N., during the winter of 1838-9 (Ber 
querel’s Traité de Météorologie) :— 

+ Between the hours of 4 and 6 in the afternoon, the sea-fog, which con- 

Prevails in those regions, becomes cotoured on its upper border, 
rather iv fringed, with the light of the aurora, which is bebind it. This 
border becomes gradually more rexular, and takes the form of an arc. of & 
pale yellow colour, the edges of which are diffuse, and the extremities reating 














on the horizon, The Low swells upwards more or less slowly, ite summit 





matter of the arc soon becomes divided regularly by blackish streake, and is 
revolved into a system of rays, These rays are alternately extended and 
contracted, sometimes slowly, sometimes instantaneously ; sometimes they 
would dart out, increasing and diminishing suddenly in splendour. ‘Tee 
inferior parte of the feet of the rays present always the most vivid light, 
and form an are of greater or leas regularity. ‘The length of these rays was 

J, but they all converged to that point of the heavens 






















wrely that an aurora is observed complete in any but 
fegions. Sometimes the bow is either incomplete in 
Fided into several points; at other times the light is 
(reloads, which modify both the colour and the depth 


| Many other circumstances concur in interfering ia 
swith its regular formation. 


‘borealis is seldom seen in perfection in this country. 

79, Dr. Dalton witnessed one which he watched 

fontion, and of which he has furnished the following 

sorolagical Essays) -— 

Po exeited by n remarkably red appearance of the clouds 
‘hich afforded sufficient light to read by at eight o'clock 

‘though there was no moon nor light in the north. From 


tall the arches eemed exactly bisected. by whe Wane af the 
k n2 





sail 


i 


te a fh it inal 








‘The luminous phenomenon is regarded by 
restoration of the equilibrium 


jomenon ; an activity which manifesta itself on the: 

wy the fluctuations of the necdlo, and on the other by 
tance of a brilliant auroral light. 

‘A great difference between an electrical and a magnetic stor 
that the former is usually confined to a small space, beyond. 
the state of the electricity in the atmosphero remains un 












404 


porhaps many miles off. That discharges from el 

Jnted in the Leyden jar are competent to indues 

tertiary and quaternary currents in vicinal condi 

atrated by the following experiment, first made by P 
Round a hollow glass cylinder, a (Fig. 76), of about six 

diameter, Is pastol spirally @ narrow ribboa of tin-foll about 

Jong, and a similar ribbon of the same length is pasted on the inside, 

the corresponding spires of each aredirectly opposite each other, 

‘of the inner spiral pase out of the cylinder through a glass tubs, in order le 

prevent all direct communication between the two, When the ends of tht 


Pig. 76. 









inner ribbon are joined by the magnotising spiral e, containing a nee, ani 
4 discharge from a half gallon jar sent through the outer ribbon, the neeile 
is strongly magnetised in such a manner ss to indicate an induced 
through the inner ribbon én the same direction xs that of the current of | 
jar, Ifa second cylinder, similarly prepared, be added, a tertiary current 
indaced in the inner ribbon of the second ; and by the addition of a 
aylinder, a current of tho fourth order may be developed, 

Another instructive method of demonstrating the 
of secondary or induction currents by the discharge of « Laydet 
jar or batiery is the following, which is the an 
Matteucci -— 





Fig. 77 


"ne 


-* 

Aand » (Fig. 77) ate dios of glass or gutta percha fixed vertically in 
‘metallio frames, and supported on insulated stands. ‘They are about a foot 
in diameter. On one face of each is wound spirally, commencing from the 
centre; a long and well insulated copper wire, about one-tenth of an inch in 
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lightning such as we seldom witness in thi 
done is often much more eevere; and in 
sosinc ion 


Acie he crv of M, Heung 
Petters, Shadi uospher 


taking place after the rising and setting of the sun, The 
‘current is less disturbed by irregular currents when the ai 
tnd the sky serene than when the weather is rainy, and'the 
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wires of the electric telegraph ; the alarums were for a long 
violently rung, and despatches were frequently interrupted by the 
spontaneous working of the apparatus, 

(61) Paratonnerres or Lightning Conductors for the 
Protection of Telegraph Zines.—Various forms of conductor 
have been invented and adopted. Mr. Highton’s plan, which he = 
states to be very effectual, is very simple. The wire is surrounded, 
for six or eight inches before it enters a telegraph instrument with 
Dibulous or blotting paper, and passes through a deal box lined 
with tin plate in connection with the earth—the box is then filled 
with iron filings. When a flash of lightning happens to be inter- 
cepted by the wires of the telegraph, the myriads of infinitesimally 
fine points of metal in the filings surrounding the wire and having 
connection with the earth, at once draw off the whole charge af 
lightning and direct it to the earth, and thus the telegraph instra- 
ment will be protected from damage, even during the most fearfal 
thunderstorms that may occur. 

‘Mr. C. V. Walker's ‘protector’ consists of a small hollow metal 
der connected with the earth. The line wire in its 
from the railway to the telegraph passes through this cylinder, 
traversing which it is first presented to the inner surface in the 
form of a thick wire furnished with spurs whose points are in the 
closest possible proximity to the cylinder without being in actual 
contact; it is then continued on and presented as a short coil of 
very fine wire wound on a bobbin, the outer convolution of the coil 
being very close to the cylinder. 








This instrument is shown in Fig. 78. ‘The line wire is attached at c, the 
instrument ut d, and there is a complete metallic connection between these 
points to the screw e, and the very fine wire wound 
ong; Aisa cylinder of brass, insulated from the line 
wire by boxwood, and in communication with the 
earth at x. The metal points at fx y allow the al- 
moepheric electricity to eacape to the outer cylinder, 
and. ¢0 to the earth, while the very fine wire ong 
must be fused before the coarser wire in the instr: 
ment can suffer. 

Breguet's paratonnerre, which is much weed on the 
French telegraph lines, is shown in Fig. 79. ‘The Hine 
wire ia connected with a very fine iron wire placed in 
fa glass tube, capped at both ends with brass, and 














caps in fastened a serrated piece of metal », imme- 





similar serrated piece of metal c, in communication 
with the earth by the wire x; eo that if the wire of the 
ine should become charged with atmospheric elece 
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‘itself by these points tothe earth; and in the event 
king the line wire, the thin wire 4 would be fused, 
‘protected, 


through pipes underground, and 

in the telegraph-room. From this plate 

mn extended to the signalling instrument, 
meu atiry tc a ooce ‘copper plate in connection 
‘The two copper plates are insulated from each 

ivory: The two thin wires, which are covered 


‘perated near the telegraph 


, making a perfe 

‘af atmospheric electricity would pass hetween the two 
‘plates rather than through long thin wires, and the tele~ 
‘apparatus is thus effectually protected. 


Tee Pig, fr. 





| Other lightning ich used in America, are shown in Figs. 80 
tad 84, the Matt being. atonded for wn intermediate sation. ‘The two 
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1 both sides of the station ean be pat fn 
for a thorough passa can be opened to the current 
thoinstrument at the station, by placing tive plug at 3 
from the figure, the plate 1. @ ¥ being in connection with 
4njr one side of the station and one terminal of the tnste 
being connected with the other side of the i 
‘Wire ¥ 3 F, insulated from these plates by a strip of 
‘with the enrth 5 v also is connected with the earth, 


the earth, or electricity of the air, or electricity 
porticles in the nir? 

Professor Thomson (Proceedings of the Royat om, Ma 
1860) does not agree with Peltier in regarding the earth as 
nously charged conductor insulated in space, and subject « 


emporary electric dey 
ough it is trae that in 
‘the earth's surface is generally found to be 
ond altheugh the earth is insulated in ite c 
Deing in fuct « conductor touched only by air (a strong inst 
itis to be remarked that air when highly rarefied b 
in its yesistance to the transference of clectricity through 
begins to appear rather as a conductor than as an insulatar, 
stadistance of one hundred miles or upwards from the 
surface, the air in space cannot in all probability have 
power enough to bear any such electric force, as those wl 
find even in serene weather in the lower strata, and th 
always be essentially in the higher aérial regions a distrib 
arising from the self-relief by the onter highly rarefied air’ 
SAN discharges, ; 
considers that this electric stratum must 
very nearly the electropolar complement to all the ¢lee 
‘that exists on the earth's surface, and in the lower strata of 
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MAGNETISM. 


Intensity—Magnetic Storms. 


(63) The Wative Magnet or Watural Loadstone.— This it 
an ore of iron consisting chiefly of the two oxides of that metil, 
with a small proportion of quartz and alumina, Itisfoundinesn- 
siderable masses in the iron mines of Sweden and Norway, and bas 
‘been met with occasionally in the iron mines of 

If we immerse a loadstone, no matter of what shape, in & quan 
tity of clean iron filings, the filings will be observed to accuntulate 
on two points exactly opposite each other, assuming the form 
shown in Fig. 82; these points are called the poles of the loni- 
stone. If we balance a small needle of iron on a pivot, and 
it near either of these poles, we shall find that it will be 1 
to it; or conversely, we may suspend the loadstone by a fine fibres 
and bring into the vicinity of its poles a piece of soft iron, the 
Jondstone will be attracted towards the iron. 


Mig. $3. Fie. 8% 








‘The power of the native magnet is greatly increased by ; 
two pieces of flat soft iron to its poles, and enclosing it in a silver 
or brass ease, as shown in Fig. 83, where A is the loadstone; mm 
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32 am ‘cinmi wogether at 2 Gstance of one fourth 
20 nea, Chair iopeune poles Seung ayyetner : the doable bundle is then 
‘oun the muddle of =te ceure sar m. and moved backwards and for 
Stroagioar che entre .engza af che line of bars, repesting the operation 
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cach side tili the rreatese posible effect is produced A powerfal borseshoo 
mugnet may be sabsc:tated ioe the double bundle of straight magnets in this 
proce. 

4+ Cmisab's Matod—Fxel ami moving bundles of magnets are on- 
pioged. The bar to be magnetieed is laid between the two fixed bundles 
acy Fig. d+). with its eas resang on two projecting pieces of iron, The 

















two bundles of inducing magnets 4 4’ are placed in the centre of the barat 
‘an angle of 20° or 30°, their opposite poles being separated by » small pices, 
‘of wood or copper one fifth of an inch wide. They are then moved succet 
sively from the centre to each extremity of the bar 5 8 several times, takiog 
care to finish the operation when the united poles are in the centre of tht 
bar. The same operation is repeated on the other side. 

5. Epinus's Method.—If the bars to be magnetized have a! 1orseshoe form, 
which is very convenient when both poles are required to act together, they 
ao aid together a ia Fig. 88, the ends which are intended to be: 
poles being placed in contact, « powerful horseshoe magnet is thea plated, 
with ita north pole next to that which is to be the south pole of one of the 
horseshoe bars, and then carried round and round, but always in the same 
direction. ‘The bars are then turned over, and the process repeated, til a 
high degree of power has been imparted to them. Several precisely similar 




















magnet be considerably stronger than the other, the repule 
first takes place on bringing their similar poles near 


‘The wires become temporarily mag~ 
netic, their s poles being determined 1o- 
‘wands and adlvering to the x pole of the 
magnet; while tho poles not being under 

K any restraining power, 
manifest a mutual ree 
pnision and avoid one 
another, as shown in 
the Sigare, 

+ Let two pieces of 
‘soft iron be suspended 
by threads from a ring 
‘or hook, and lot the x 
pole of a strong bar 
magnet 4 (Fig. 99) be 
held at a certuin dis- 
‘tance below them, the 


Fig. ge 








enpacity, while it has much disadvantage as to ti 
copt in very thin bars. A moderate 
most efficacious, 

Scoresby found a constant relation between the 


iagnetically all the 
‘and soft, and the results be obtained 


‘that it might not be impossible that magnetism may be 
available for ascertaining not only the degree of 
even for determining the quality of iron out of which the 
havo boon manufactured. 

(67) Mont Advantageous form of 
Jamont (Pegg. Ann. vol, exiii.), there aro two forms which 
a j 


in the first form the proportion of 
magnotiam tothe we weight is greater by one-eighth part than in the 
Inter, #o that it must always hold as a rule that ne 2a 
Wreadth must be as much diminished as the other necessary 
ditions pormit, a? 

(68) Laws of Magnetic 
tortes,—By seainieos the principle of the diffusion of energy 

iors eee Saran separate plates with that of selection 
ol powarful and tonucious plates, very powerful magnetic 
may be conatrocted. Scoresby constructed a battery of 1 














of the distance from that centro, ; 
‘By the following instructive experiment, Harris 

that magnetism, like electricity, is only influenced 

and is independent of the mas of the magnetised 


Between the magnet x (Fig. x02) and the trial rod ¢ of the) 
a small 






Fig, 108, 





was drawn out, s0 28 to extend the surface to the greatest limit, the 
\nvensity was dizntnished one halt 





‘upon a point in the centre of a brass or wooden box 
graduated ring. The box is furnished with two straight edges 
of brass, or index marks to set to Say SRE Tine, and sometimes: 
with sights, the top being covered with glass to prevent the needle 
from being disturbed by the action of the air, There are also two 
small pisces of brass, one of them turning upon a fixed point, which 
is used to check the oscillation of the needle by pressing on its 
upper end; the ring at tho other end of the lever is raised till it 
touches the needle, which is thereby rendered steady; the lever it 
then let down, and the needle left to find its proper direction, Ta 
the figure (Fig. 104) the needle is mounted with a card divided 
into points and quarter 
points of the compass, 
the N. and 8. points 
‘Deing made to come 


Fig. tay. 






These again are sub-divided into thirty= | 


Tn the azimuth 
the circle is divided into 360 parts. The position of the noodle ts 
usually estimated in terms of the thirty-two points, but in refined 
experiments tho angular deviation of the needle from the line of 
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(74) The Inctination © 
needle, when allowed perfect fi 

envours to place itself in the plane of the 
direction more or less inclined to the horizon, 
the year 1756 by Robert Norman, an 
years elapsed before it was known 
heedle was subject toa variation. ‘This int 
‘ever, been well ascertained, and instruments 
have been constructed, with a view of ascertaining 
the inclination in different places at papeiy same ped or bar 
place at different times; but it was not until the latter end | 
Jast contury that sufficient aecuracy conld be carried into 
construction to render them fully competent to the delieat 
they were intended to perform, 

A-sinple form of dipping necile t shown in Fig. tof, Tecoma 


Pig. 10. 


on two finely polished planes of agate, 
It is very rarely, however, # 
needle can be 80 nicely balanced 
give the exact dip at a single o 
tion, The nsual mode of pi 
is, therefore, as follows :>—I 
eight or ten observations, tum the: 
completely round, viz, if in the 
instance the face was towards E., 
it was before W., turn it to E; this is very 
easily effected by the graduations on the lower mb of the 
strument. Let the same number of observations be again 
they may not agree precisely with the first in consequence of 
defects in the construction of the instrument; let, however, 
mean in oth cases be preserved by dividing the sum of each ss} 
of observations by the number of them. The needle is naw % 
be removed from the box, and its poles inverted by any of tht 
nsual methods of magnetising, 60 that when replaced on its axis 
that end which was before below the horizon will now be abow 
it, and if the needle be correctly balanced, by exactly the sami 
quantity; but if not, as is most likely to happen, two other mean) 
must be got ns before, and the general mean of tho ioe 
very nearly or exactly the trae dip. 
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(78) ‘The Inclination of the 
netic needle, like the variation, undergoes 
increasing in some parts of the world and ’ 
The following table shows the changes of the dip at 
between 1720 and 1833 :— 


rl 






SS stasa2 


fe neg at 





aS Scions ot =< a : 6m 

From this ‘table it appears that the magnétic dip reached its 
maximum in London in 1720. From observations made at the Kew 
Observatory in May 1863, the dip was 68° rg’, 60 that during the 
last 143 years it has lost 6° 27’, being at the rate of 2’ 7” each 
year. At Toronto, the inclination on March 11, 1847, wat 
75° 16". 

(79) Periodic Variations of the Magnetic Needle.—(#) 
Annual Variation—The horizontal needle is subject to emual 
variations, depending on the position of the sun in reference tothe 
equinoctial and solstitial points, and to Aorary variations come 
sponding to changes of temperature from the diurnal rotations of 
the earth. 


Between the months of January and April the needle m- | 
cedes from the N. pole of the globe so that its western declination 
increases, 

From April to the beginning of July, that is, from the vernal 
equinox to the summer solstice, the declination diminishes or the | 
needle approaches the N. pole of the globe. 

From the summer solstice to the vernal equinox, the needle 
receding from the N. pole returns to the W., so that in October it 
has nearly the same position as in May; and between October and 
March the western motion is smaller than in the three preceding 
months. Hence it follows that during the three months between 
the vernal equinox and the summer solstice the needle 
towards E,, and during the following nine months its general 
motion is towards W.. 

(6) Daily Changes in the Variations,—This was first observed im 
1724, by Mr. Graham, and has been confirmed with the most 
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‘of electrici 
of our globe, a portion of which is 
wires, frequently occasioning serious 
munications. 


iode being the yours 1848-1859. Now it was 
General Sabine that the value 


slow to remark that this was also Schwabe’s period of 

‘sun spots, and it was afterwards found by observations 
‘Kew that 859 (another of Schwabe’s years) was also 
maximum magnetic disturbance. " 
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Observatory, at which place the position of the magnet is recorded 
continuously by photography, it was found that a magnetic dix- 
turbance had broken ont at the very moment when this singular 
appearance had been observed.” 

‘With respect to the bond which connects sun-spote with mag- 
netic disturbances, no conjecture has been formed, but the fact, as 
Stewart observes, ‘is eminently suggestive, and brings us at once 
into the preeence of some greut cosmival bond different from gravi~ 
tation, adding, at the same time, new interest and mystery to these 
perplexing phenomena.” 
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PART UL. 7 


ELECTRO-PHYSIOLOGY. 


of Galvani—The Discovery of Volte—The Researches of 
Matteucci and Du Bois Reymond—Electric Fishee—Electricity of Plants, 





(83) The Discovery of Galvani.—That remarkable form of 
electricity known by the name of galvanism, or galvanic electricity, 
is said to owe its origin to an accidental circumstance 
with some experiments on animal irritability which were being 
carried on by M. Galvani, a professor of anstomy at Bologna, in 
the year 1790. : 7 

«It may be proved,’ says Arago, ‘ that the immortal discover 
taic pile aroso in the most immediate and direct manner from 
with which a Bolognese Indy 
prescribed the use of frag broth 

*When one of Galvani’s pupils,’ writes the author of the article, ‘ Voltaic 
Electricity’ in the Encyelopedia Britannica, ‘was using an electrical machine, 
a number of frogs were lying skinned on an adjoining table for the purpose 
of cookery. The machine being in action, the young man happened to 
touch with a scalpel the nerve of the leg of one of the frogs, when to his sar- 
rise the leg was thrown into violent convulsions.” 

“A person acquainted with the well known laws of induced electricity,’ 
writes Dr. Thomas Young (Lectures on Natural Philosophy), ‘ might easily 
have foreseen this effect.” 

«Luckily for the progress of science? observes Dr. Lardner (Cabinet 
Cyclopedia), ‘Galvani was more of an aratomist than an electrician, and be 
beheld with sentiments of unmixed wonder the manifestations of what be 
believed to be a new principle in the animal economy. . . . . Chance 
now came upon the stage. In the course of his researches, he bad occasion 
to separate the legs, thighs, and lower parts of the body of the frog from 
the remainder, #0 as to luy bare the lumbar nerves. Having the members 
of several frogs thus dissected, he parsed copper hooks through part of the 
doraal column which remained above the junction of the thighs for the con- 
venience of hanging them up. In this manner be happened to suspend 
several upon the iron balcony in front of his laboratory, when to his inex- 
pressible ustonishnient the limbs were thrown into strong convalsions, No 
electrical machine was now present to exert any influence.’ 


It would appear, however, from documents in the posession of 
the Institute of Bologna, that Galvani was occupied with expezi- 
ments on the contractions of the muscles of frogs at least twenty 





of the Vol- 
alight cold 
attacked in 1790, for which her physician 




















140 
‘condensed in the interior of the muscle, ‘The ni 
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Galvanoscopic Frog.—To 
with the frog's legs generally, the legs of the frog are to 
attached to the spine by the crural nerves alone, and then 


Pig. 109, 








the front paws are cut off, and the hind legs and pelvis with a 
piece of the spinal cord are preserved and skinned ; then hy intro- 
Pig. ate. 





ducing the scissors between the lumbar nerves and the pelvis, 
and cutting the latter in two places, we obtain the frog prepared 


ea el | 





possessing 

‘When. it was objected. to. thie: hypothe: that. Sessagaial 
metallic are was suflicient to cause couractions ts eae 
replied that very small differences in the extremities of the mre 
‘were sufficient to produce an electric current, and eee 
feeble current may irritate the nerve of a frog sufficiently to excite 
contractions. Thus he found that when one extremity of « 
metallic arc was heated and the other not, when one end was 

lished and the other net, sufficient Acterogoneity 

Saas outburst vale ha Galvani, Humboldt, a Ae aad 
others, oppose to Volta the fact that without any metallie are the 
frog may be made to contract, viz. by simply bending back the 
“limb and. bringing it into contact with Us lpaiber aera Volta 
replied that it was only to generalise his theory of electromotioe 
force; that it was only necessary to say thatthe nerves and muscles 
of the frog act as the two matals of the are, in onler to explain the 
facts submitted by the partisans of Galvani. 

Up to this time the development of electricity by the contacto 
heterogeneous metals was only a hypothesis of Volta’s. Tt was in 
the month of August, 1796, that he obtained, by means of the 
condenser, the first signs of electricity developed by the contact of 
two metals, and thus laid the foundation of his immortal discovery 
of the pile, ‘The influence of this discovery over nearly, all the 
sciences, and the rapidity with which it spread, eaused all 
tion on the part of Galvani to fall into oblivion, and for fifty years: 
‘no one, save in a historical work, ventured to make any mention 
of animal electricity. 

(37) Mattence!’s Researches: The Muscular @leetrie 
Current.—Proof of the existence of an electric current ci 
through the muscles of « living animal is obtained by im 
into a wound formed in a muscle, the nerve of a prepared frog 
such a manner that the extremity of the nerve shall touch the 
bottom of the wound, and another part the edge, the frog's leg 
instantly contracts. The muscular current may be detected im 
animals some time after death, but when it has once ceased it cannot 
ngain be renewed. It is found in warm as well as in cold blocded 
animals, 

Matteucci constructed a musoular pile with which he seceded 
in giving considerable deflection to the needle of the galyanometer. 
Tt was formed thus, Five or six frogs were prepared and cut in 
half after Galvani’s plan, great care being taken not to injure tha 
musele. The thighs were then cut in half, and so disposed that 
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A natural transverse section is at 







to muscles (f, A, ¢, g in the figure). 

‘The law of the muscular current may be shortly 
follows: 

Any point of the natural or artificial longitndinal section of 
is positive in relation to any point of the natural or artificial 
section. 

Ti is easy, therefore, to understand why the muscular 
in one instance sppears to be an upward and in another # do 
ward one, according asthe under or the upper of the two tra 
sections is made to touch one of the ends of the galvar 
while the other end is appliod to the longitudinal section 
muscle, Again, nccording to this law, every particle of m 
however minute, ought to produce a current in the same 
1s the whole muscle, or as u larger piece of it, ‘This consequenes 
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is true, even as regards ehreds of muscle consisting of only a few 
primary fibres, Fig. 114 represents the simplest case of the mule 
cular current observed by Du Bois Reymond, the primary sibres 
boing magnified 75 times. 

‘The nerves, according to Du Bois Reymond’s observations, ae | 
possessed of an electromotive power which acts according to the 
same Jaw as the muscles, Whilst still in organic connection with 
the muscles, and forming purt of w circuit in which the muscles 
give rieo to a curront, the nerves simply play the part of an in- 
active conductor, provided their own current be prevented from 
entering the circuit, 

In these delicate investigations it is necessary to guard against 
errors which might be introduced by the chemical action of the | 


, > | 
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are not ouly the separate muscles which | 
fibres which compose those muscles.” 

If the transverse and longit ‘section 
way connected by the nerve of the prepared 
proceed through the said nerve from the ls 
former. This current announces itself by the 
muscle of the prepared limb on first making contact. 
tractions cease when the current is fairly established in 
and on breaking the circuit they are again observed, 
not on the closing or the breaking of the cireait alon 
contractions are produced ; every sudden fluctuation of 
traversing the nerve is accompanied by contractions, 

‘this to the observation of Matteucci, we find that the : 
the muscle against which the nerve of the li 
circulates through the said nerve, When the muscle is te 
this currnt is diminished at each convulsive effort, and its | 
tions are answered by corresponding contractions of the 
limb, In reply to this, Matteucci denies that the nerve touch 
two portions of the muscle in the manner described by Da! 
mond, but the Paris academicians seem to have boen 
with the explanation, for they came to the decision that the: 
fundamental fact furnishes « direct explanation of the 
traction of Matteucci. 

(90) Action of the Electric Current on the Merves of | 
Senses,—The electrical current, when it acts on the nerves 
senses only, brings into play the special action appertaining tos 
of these nerves, a proof that the electric current acts merely as 0 
stimulants, 

Tt wis Volta who first demonstrated the existence of sense 
of light when the elect: 


intensity of the current, it is only the sensation of light 
perceived. If we rpflect that this sensation may be produced by 
n very feeble current, and one certainly incapable of exciting a | 
muscular contraetion sufficiently strong to shake the eye, it must 
be admitted that the effect is really to be ascribed to the excitation 
of the optic nerve, An analogous phenomenon is produced when 
the current is made to act on the auditory nerves. Volta, on 
plying the two poles of a pile to his two ears, experienced 
hissing or jerking noise, which continued all the time the circuit 
remained closed. According to Ritter, the sensation is only ex= 
perienced at the commencement of the current, and the noise is) 


sharper at the negative pole, | 
—, 3 








is observed, the int 
‘the normal state of the arm the direction of the © 
the shoulder to the hand. 


‘having the form of a crescent, is shown at d; the 
in anterior 


ig the place of tha 
wot the prent lateral as ft 
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PART IV, 


VOLTAIC ELECTRICITY, 





CHAPTER 1, 


Volta’s Fundamental Experiment—The ‘ Pilo'—The Dry Pilo—The Contact 
and Chemical Theories of the Pile—Simple and Compound Voltate Bate 
teries—The Water Battery — Polarization —: Batteries—The 
Gas Battery. 





(94) Volta's Fundamental Experiment.—Two polished 
metallic discs, one of copper and the other of zine, about three 
inches in diameter, and each provided with an insulating handle, 
are brought into contact, holding them by their handles; they are 
then separated, especially avoiding friction and brought 
into contact with the collecting plate of a condensing 
(Fig. 19, p. 20) ; the zine plate is found to be slightly charged. 
positive and the copper plate with negatice electricity. ‘These effects 
(which, though feeble, are, when carefully performed, decisive), were 
ascribed by Volta to a peculiar electromotive force, under whieh 
the metals by simple contact tend to assume opposite electrigal 
states; but it has been shown by Grove (Zlect. May vol, is 57) 
that Volta’s experiment ix equally successful if contact between the 
metals is prevented by the interposition of a circle of card, and hi 
conceives the action between the discs to be somewhat similar t 
thet which occasions a coin, when allowed to remain for some 
time on a polished plate, to leave behind it on the metal a fait 
picture, viz., to a radiation between the metals, on necount of 
difference of temperature, whereby a chemical disturbance takes 
place, Gaasiot has also proved that decided signs of electrical 
tension may be obtained without any contact, metallic or other- 
wise, between the plates. His experiment is thus described (Did, 
Mag., Oct. 1844) — 

‘Two plates, one of copper and the other of zinc, each four inches i 
‘iameter, were attached each to an insulated pillar of a micrometer electro~ 
meter; the plates were carefully approximated to about 52; of an inch. 
When thus adjusted, a copper wire was attached to cach of the plates, and 
also to the discs of the electroscope, which were fixed at about } of an 








In Volta’s fundamental experiment the zine plate is, 

him to take electricity from the copper plate, the zine 
coming feebly positive, aud the copper plate feebly 
fessor Robison endeavoured to increase the effect by 
serios of plates of copper and zine, one pair i 
Soother ‘The damied elfct wen ao} breton 
deed, Volta’s theory would have predicted, for as in 
arrangement each copper plite is necessarily between two 

and each zine 2 plate ‘between two copper plates ; 
to that theory electromotion would tend from the copper 
zine upon both sides of the latter, and the forces would 
Geese, Ths mas Veg veld onc: outed SRE 
‘surfaces of the copper, 60 that, however numerous the serie th 
effect cannot exceed that produced by a single pair. This expla- 

nation immodiately oeeurred to Volta, nnd the brilliant iden suge 
fred ill that if he. were ‘to interpose between each 
‘copper and zinc plates a moist or second-class conductor, 
would have the effect of promoting the circulation of ‘sie 
leotrcity, its own power of producing eloctromotion by contict 
with the metals being oxtremol Hama when compared tothe energy 
of the electromotive force called into existence by the contact of — 


SS 














‘VOLTAIC. 


foco, charged by ten minutes co 
to fuse one inch of platinum wire 


from this jar would perforate thick dra 
not possess the slightest chemical action, for 


change, even when exposed for some 

‘On examining the electrical state of the dry electric ¢ 
is found to resemble that of a conductor under induction 
centre it is neutral, but the ends are in eta 
and if one extremity be connected with the earth, the: 
of tho opposite end becomes proportionately 4 
extremity is positice, and tho silver or gold extremity is 
‘8 may be proved by laying the column on the caps of 
Teaf clectroscopes in the manner shown in Fig. 121; the: 


Fig. 131. 





diverge with opposite clectricities. If a communication be made 
Between the instruments by means of a metallic wire, the diver 
gence of the leaves will ceuse, but will be again renewed whensneh 
communication is broken. It is better to employ, in these experi= 
ments, un electroseope in which the gold leaves ate 

singly, os shown in Fig. 122, and so arranged as to admit of their 
being brought nearer to or carried farther from each other, If im 
such an instrument the leaves ure adjusted at a proper distance: 
from each other, and the wire from which one is suspended be 
connected with the zine end of the pile, and the wire from which 
the other is suspended be connected with the silver or gold end, a 
Kind of perpetual motion will be kept up between the leaves ; far, 
being oppositely excited, they will attract each other; and haying 


> 4 








When, ‘the 

‘be insulated ; and if it had previously 
usually recover it after « rest of a few days 
Bohnenberger, of the dry pile to the 
already been alluded to (41. 6). 

(96) Ensufficiency of the Contact 
‘an elaborate und. exhaustive i 
question, ‘What is the source of power in the voltaic pile 
day sums up thus (Ex. Research., series xvii.) :— 

‘The contact theory assumes, in fact, that a force which ix 


‘change in the acting matter, or the consumption of any gu 
Current can be produced which shall go on for ever 


its exertion has heaped up in its own course. ‘This 

tion of power, and is like no other force in nature. We baver 
‘cesses by which the form of the power may be so changed 
conversion of one into another takes place; bat in no case ie th 
creation of force ; a production of power without the co 

tion of something to supply it. 

“The chemical theory sets out with a power, the existence of which 
proved, and then follows its variations, rarely assuming anything 
‘hot supported by some corresponding simple chemical fact. 

“The contact theory sets out with an assumption, to which 
‘hs the cases req 
unchangeable thing at first supposed by Volta, is as variable as 
force itself 


“Were it otherwise, and wore the contact theory true, then, as it 
to me, the equality of cause and effect must be denied, ‘Then 
petual motion” also be true; and it would not be at all 


Hirst given case of an electric current, by contact alane, to produce an qlecto™ 
magnetic arrangement which, as to principle, would go on producing me— 
‘chanical effects for ever. 

Again, speaking of the voltaic theory of contact, Dr. 
his Treatise om Galvanism, says (§ 113) :— 

‘Wore any further reasoning necessary to overthrow 


‘effect, of in other words, ® 
ascribed by Volta to the metals when in contact is a forea which, us loug as 








atthe same time acurrent of it 
the liquid ie TAIEN on he meee of which the by 


tuent of the water, viz, hydrogen, will make its 

form of minute gas vet ; the electrical current 

to the zine plate at its points of contact with the p 

continued current is kept wp ‘The moment 

by separating the metals, th: 

muking them again touch. It is not indispensable that the two 
plates should be bronght. into immediate contact, as in Fi 

they may be metallically united by wires which may be of 
length provided they are continuous throughout, and are 

into contact at their ends, as shown in Fig. 124. The eff 
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pure water is feeble, and after some time the current nearly ceases 
in consequence of the surface of the xine becoming coated with 
oxide; if, however, a little sulphuric or hydrochloric neid be addeil 
to the water, the effect is greatly increased, because, in the first 
place, we make the liquid a better conductor of electricity ; and, 
secondly, and chiefly, because the oxide of zine is removed from 
the surface of the metal as fast as it is formed, being dissolved: by 
‘the acid, n new and clean surface is thus continually exposed, and an 
increased facility for the decomposition of water is afforded, The 
force originates with the oxidstion of the zinc, and passes in the 
direction of the arrow through the liquid to the platinum, amd 
thence back by the wires » © to the zinc; sulphate, or chloride of 
sine, is formed in the liquid, but the formation of either of 
these salts has little, if anything, to do with the development of 
the electrical current, chemical decomposition being, according to 
the chemical theory, absolutely vecessary for the development of 
current electricity, 





of platinum foil in communication with 


does not require two metals to forma 








these plates are beld in their places by a bi 


‘of xine, and one of copper, coiled round each other, 
Jong and two feet wide; they were kept asunder by: 


ropes, and suspended over a tub of acid, so that by a pulley oF some o 
simple contrivance they could be immersed and bout | 
kallons of dilute acid were required to charge this battery, 
‘Ses of toxdreo wary great, 

3 Simee's Platinized Sileer Battery —A call of thie 
Fig. 127. Its advantages consist in the mechaniea) help 
divided platinum on the surface of the silver affords to the ee 
hydrogen gas. In the ordinary arrangement of copper and 
and zinc, the hydrogen gas has a tendency to adhere to the amooth 
of the copper or silver (the negative metals), and its preseuce im the 
posing liquid has theeffect of reducing the sulphate of gine, anil 
Aeposition of metallic zine on the negative metal; tha» impalringy 
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the course of tine stopping, the action of the battery, Tn the 

silver battery a fine powder of metallic platinum is deposited on the silver 
plate. ‘This is done by immersing the plate in water to which a Hittledilute 

sulphuric acid and solution of cliloride of platinum hare been added, A 
imple circuit is then formed by connecting the plate metallically with » 

Plate placod in a porous tube containing dilute sulphurie meld, After 

‘a short time the silver becomes coated with reduced platinum in the form ef 
fine black powder. ‘The surface of the silver plate should be 

by brushing it over with a little strong nitric acid previous to immersing it 
{in the platinam solution, 

‘A sheet of platinized silver thus prepared is attached tos beam of wood, 
and is furnished with a binding screw ; on either side of ed a plate 
of amalgamated sinc varying from one-half to the entire width of the allvery 

screw sufficiently wide to 
‘embrace both the 2ines and the wood. The arrangement is immersed in @ 
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saturated with sulphate of zinc, 

lize. Although the porous cell retards, it does not: 

the mixing of the solutions, and after a time much of 

solution escapes into the zinc cell; the latter should, therefore, be 
laryer than the cell containing the copper solution wl i 
action is required.* 

5. Groves Nitric Acid Battery —In this arrangement the hydrogen isalsd_ 
made to do chemical work. ‘The elements of the battery are platinum, xi06 
dilute sulphuric acid, and nitric acid of common strength. ‘The zine ele 
ment is a cylinder 2 (Fig, 129), open at both ews, an stivided longitulle 
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‘nally; this is plunged into a glass or stoneware vessel containing dilate 
sulphuric aeld; the platinumn plate P (Fig. 130} which may be corrugated 
to give it greater surfice, is immersed in a porous cell containing mitrieacll. 
‘The energy of this combination is very great; the hydrogeri, on emengiaig 
from the porous cell, encounters nitric acid, which it decomposes, seizing 
oxygen, with which it re-forms water, a lower onide of nitrogen being at 
‘the same timo prodacod and dissolved in the nitric acid, which, 
hiangee colour, becoming first yellow, then green, and then blue, 

‘The manner in which the force is transmitted is exhibited in the follow= 
ing diagram, where nitric ncid is represented by the symbol (EINO30) = 
(HLNO,), and dilate sulphuric acid, as before, by CHSO,), the brackets abore 














+ A battery known as the + Pile Marie Davy, in which sulphate of mer= 
cury and carbon electrodes are substituted for the salphate ‘of copper am 
copper electrodes of the Daniell battery, was exhibited at the International 
Exhibition of 1862 by J. A. Deleail, of Pacis. This new form is cleats and 
‘constant, but it is weaker than Dauiell’s cell, it has considerable inherent. 
resistance, and is expensive in the first instance, but it has been used te 
‘soine extent in Frauce for telegraphic purposes, 
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caring sin fhe some mata by 
pr tedespe pin) 


however, to prevent 
of the ary pctegper op 
washol every time the battery is used. The porous earthen 
with the carbon cylinder in which is contained the zine element. 


arrangement is constant 
that ina Bunse’s bat nitrie 
iron sl oe spheric nid by 9 wba 
by chloride of potassium, 


(190) Compound Voltate Circles or Battertes.—Volta's'pil 


must attach to it whon the plates are numerous; 

the trouble of building it up, it is frequently 

tively inactive by the moisture pressed out of the lower: 

the weight of the upper; hence the substitution of 
other arrangements. Volta’s ‘ Couronnes des taasee” (Fig, 12) 





Vig. 152. 





the most simple of these arrangements, This cousists of a Tow 
small glasses or cups containing dilute sulphuric acid, in each 
which ia asmall plate of copper, shout two inches equt 
and anc similar sized plate of zinc, not touching each oth 
but so constructed that the zine plate of the first glass may be 
snetallic communication with the copper of the second, the xine 
the second with the copper of the third, and so on, 

the sories, By this arrangement, when glasses are | 
can see what is going on in each cell; and ithe vine 


mam. i 
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meraed is made of earthenware, and. 


‘whole set may be 

or out of the cells; and thus, while the fluid remains in 
the action of the plates may be snspended at een 
corroded, easily replaced. ‘The pices of wood to which the 

wre attached should be well dried, and then varnished in order 
lac it.» noo-oondter dt alaieinie ‘When several of th 
troughs are to be united together, it is to be careful 
their arrangement, as a single trough reversed will very materia 
diminish the general effect, Care must also be taken to ins! 
perfect communication between the several plates. 

‘4 Wolaston's Battery—The copper plate is here doubled, 20 
to oppose it to both surfaces of the xine, as shown in Fig. 1 





Arepresents the bar of wood to which the plates are se 
BB the sine plates connected with the copper p 
ce, which are doubled over the zinc plates. Contact of 
surfaces is prevented by pieces of wood or cork placed bet 
them, Ten or twelve troughs on this construction form an ef 
voltaic battery. 

's. Daniel’ Compound Battery.—A set of six is shown in 
136, and a lorge set of ten in Fig. 137. A series of thirty: 
the smaller size, six inches high and three and « half inches in 
meter, form a powerful battery ; and a series of seventy 
the Inrger size, when arranged in a single serie, cl 
terminals, produces a voltaic are the heat of which is suffc 
intense to fitse bars of platinum one-vighth of an inch square, 





— 





connects the zine with a platinised silver plate im the next cdl, 
‘This copper strip is insulated by gutta-percha except where 

by the mercury, Very little local action can take place owing 
the thorough and constant amalgamation of the zine; and, thert 
fore, if the circuit be only occasionally closed for short periods it 
will remain very constant. Mr. Walker substitutes graphite fot 
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platinized silver in his modification of Smee's battery, and he hat 
more recently platinized the graphite, by which, he states, the 
liberation of hydrogen is much facilitated, and polarization, ont 
great defect of single fluid batteries, much diminished. The ost 
of the platinising process is about one halfpenny per plate of 7 inchies 
by-s inches. ‘The plitinized plates are said also to keep much 
cleaner than the simple graphite plates, 

7. Groves Compound Battery —A set of four cells arranged in 
sories is represented in Fig. 139, and in section, Fig. 140, and the 
first set. of plates removed from the porcelain through » shows 
clenrly the arrangement. Aa is the bent zinc plate, » the plati- 
num plate in its porous cell, ¢ the next platinum plate, connected 
by means of a binding screw with the zinc at a, 

Avsories of five cells of this battery, containing altogether about four 
square feet of platinum, liberated from acidalated water 110:cabie inches of 
oxygen and hydrogen gases per minute. A series of fifty cells, the platinum, 
plates being two inches by four, produced between charcoal points « yolumi« 
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vane inch and a quarter long, and divslpated, in the form of oxide, 
‘various metals, With an arrangement of one hundred cells, the 





‘charcoal terminals js exceedingly voluminous, anit so brilliant 
‘almost Insepportable 10 the naked ayo; upwanls of two feet of 
x 


(101) Passive State ae =e 
in nitric acid (sp. gr. 1°35), it is attacked with 1 
was first noticed by Sir John Herschell that, if 
ied ida piece of gold or of platinum, it is. 
acid of that strength. Once touching the wire 
with platinum or gold is sufficient to render it inactive, 
cause it to continue so, even after the removal of the 


passive in nitric acid, the unheated end being 
upon; if now the heated end be rubbed bright with 
its active condition is restored. 

When an inactive wire and one that is active are = 

nitric acid, and made to touch abore the liquil 
action is excited in the indifferent-wire. 

When an active wire is associ on wits ee 
plunged into the acid, the passive wire entering the 
‘active wire is rendered passive 5 ee te ae 
‘common iron wire passive, the second wire will destroy the: 
ofa taint wire, and so on; if the wires be removed from the: 

|, and then reintroduced, their active condition ix found | 
be restcred ; but they are again rendered passive by 
proceas above deseribed. 

When an iron wire protected by plati un ie oe 
solution of nitrate of copper in nitric acid, it remains bright: ifthe 
protecting platinum be removed immediately after the immersion 
of the associated motals in the ealine eclution, metallic 
is generally immediately precipitated upon the i Tron wire, but ibe 
two metals be allowed to remain in contact for an hour or #0, the 
iron wire will retain its brightness in the solution for any length 
of time, if undisturbed. 

If n long passive wire be placed in a vessel containing nitrle 
acid, and a piece of ordinary iron wire bent into the form of a fork 
be elid down it into the acid, it assumes the passive condition ; if 
the long wire be removed, the fork continues inactive, but is in 
pees 2 into action by touching it with another piece of 


cates ae of a platinum wire be connected with one extremity 
ofa galranometer, and let the other dip into # glass containing 








couples of zinc «nd copper are 

with common water, a battery is obtained 
in of a high degree of intensity, resembl 
electrical machine ; indeed, by connecting 
fan arrangement with the inuer and oute 
Dattery, it becomes charged so instantly 

discharges may be produced. 

Mr. Crosse arranged 2,400 pairs of coppe 
great attention to insulation. When th: 
series were connected with the inner and ou 
battery containing 73 feot of surface, a 
maintained, each discharge being accompa 
piercing letter-paper, and fusing silver leaf 

‘Mr. Gassiot subsequently constructed a 
pairs of copper and zine cylinders, each } 
‘separate glass veasel, well covered with a 
‘Notwithstanding all the precautions taken, 
imperfect, nor dors perfect insulation see 
Jeagthened period with such an extended 
xperimente with this battery are describe 
"pans, 1844): 
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4 That the current may be rogarded as aeries of discharges of electricity 
of tonsion succeeding each other with infinite rapidity. 


§- That the rise of tension in a battery occupies a measurable portion of 
time, 

6. That the static effects elicited from a voltaic series are a direct evidence 
of the first step towards chemical combination or dynamic action. 

(103) Polar Tension before Contact im « Single Cel.— 
With tho wid of the electroscope shown in Fig. 142, the Rev. 
Charles Pritchard (Z%il, Trams, 1844) succeeded in’ obtaining 
signs of tension before contact in a single cell of a voltaic battery. 
4 is a glass vewel, tho stem of which in well coated with lac 
1» w’ two copper wires passing through glass tubes and corks: D 
gilt discs, each about two inches in diameter, attached to the wire 

P a copper plate with a wire passing 
through a glass tube; to the end of 
this wire is attached @ narrow lip of 
gold leaf, 1. The discs must be nd- 
justed with enre, 20 a8 to allow the 
leaf to be equidistant from each. If 
B be connected by a wire nttached 
to the platinum, and w to snother 
wire attached to the zine of a single 

"cell of the nitric acid battery insu- 

Inted on a plate of lac, and if an 

excited glass rod be approximated 

very gradually towards the plate Tr. 

the gold leaf will be attracted ton’, 

or the dise attached to the zine; and 
if w stick of excited sin be approximated in a similar manner. 
the gold leaf will be attracted to n, oF the metalic dise attached 
to the platinum. 

(104) Polarization: Secondary Batteries.—-If a piece of 
moistened paper be placed on a slip of glass, and made to complete 
the cireuit of a volta t is found to become elertro-polar, 
that is, that half which was in contact with the positive extre- 
ity of the battery becomes positive, and that portion next the 
negative end becomes negative, and this electrical condition of 
the paper remains for some time after its removal from between 
the poles of the battery, 

This fact wns firet observed hy Volta, aud it occurred to Ritter 
that a pile might be constructed of alternations of moistened cloth 
and a single metal, which should theoretically receive « charge 
similar to that of the moistened paper, by being placed in con- 
ducting communication with the opposite extremities of a vultaic 
pile, On trying the experiment, ho found such to be the case; 












Fig. 142 
Pe 

































five elements of 3} square metres of surface oF | 
‘surface, 


If the secondary battery be arranged for intensity, the 
should be formed of a number of elements sufficient to 
electromotive force developed. For nine secondary 4 
s00's cells should be taken, which might, however, be very amall. 

this battery 


From the malleability of the metal ny 
structed. By making the plates of lead sufficiently thin, | 
‘Ve placed in asmall space, 

‘The nine elements used by Planté are placed in a box 36 cent 
metres square, filled with liquid once for all, and placed in closet 
jars, 50 as to be ready for immediate use whenever it is desitel 
to procure by means of a weak battery powerful 
dynamic electricity. The use of secondary electric currents for 
telegraphic purposes had been previously proposed bys 

(105) The Gas Battory.—Mr. Grove succeeded in obtaining 
continuous current from the secondary currents produced by poli 
ized plates, and in constructing a perfectly novel battery, im 
the active elements are gases (Ail. Mag., Dec. 1842; Phil. Traahy 
part ii, 1845, and part ii, 1845). It consisted originally of a setil® 
of 50 pairs of platinized platinum plates, each about a f 
an inch wide, enclosed in tubes partially filled alternately willt 
oxygen and hydrogen gases, as shown in Fig. 143. ‘The liquid it 








the tubes was dilute sulphuric acid (sp. gr. 1-3), and the following 
effets were produced :— 

1. Acshock was given which could be felt by five persons joining hands, 
and which, when taken by a single person, was painful, 

2, The teedle of a galvanometer was whirled round, and stood at about 
60; with one person interposed. in the circuit it stood at 4o% and was 
-alghily deflected when two were interposed. : 


-. 4 





and oxide of nitrogen — 
Onvgen and entorie of ite 


‘Oxygen and olefiaat gas. 
‘Oxygen and carbonic oxille 


Oxygen and chlorine... f Coalden 
‘Chlorine and dilute sulphuric acid , About the 
Chlorine and hydrogen. Bikes 
Chlorine and carbonic oxide . 


‘Chlorine and olefiant gas 

With respect to the theory of the gas battery, Mx. Grove 
marks :— 

plying the theory of Grotthusto the gas battery, we may: 
whon the circuit ix completed at each point of contact of oxygon, 
platinum in the oxygen tube, a 
of hydrogen leaves its assoctated 
of oxygen to unite with one of 
was; the exygen hus chrown “4 
with the hydrogen of the adjeining 
eale of water, and so on, until the } 
molccule of oxygen unites with a moleewlt 
of the free hydrogen; or the action 
conversely be assumed to commence 
the tube containing the hydrogen.” 

The form of gas nase 
by Mr Grove in his Inter experi= 
ments i8 shown in Fig. 147. It 

entirely 


Th 147. 








sulphuric wcid, and connected by a stout 
lapse of a certain time a certain quantity of 


‘separnte vessels containing dilute sulphuric neid; let 
tinum plates be connected together by a stout eopper wir 
all the zine plates by another similar wire, and let the two 
united ; the same nmount of zinc will be dissolved in the; 
the sume amount of hydrogen liberated, and the same qi 
electricity thrown into circulation, as with a single pair; 
pairs and the single pir are equally simple voltaic circles, 

But the four pairs may be differently arranged. Instead 
ing oll the platiaum plates together, and all the zinc} th 
the platinum plate in vessel No. x may be connected with 
vine plate in vessel No, 2, the platinum plate in vessel No, 
the sine plate in vessel No, 3, and 60 on, the platinum pl 
last vessel being united by a stout wire with the zinc 
first. Under this arrangement the amount of zine 
of hydrogen liberated will be precisely the same as nt 

ive force is increased fourfold ; at the samme time 

Wwnces are still more increased, for whereas in the first z 
stratum of liquid four inches wide and one inch thick had to 
traversed, in the second arrangement the current has to | 
through four separate inches of liquid, each one ine in 
But in consequence of the mode of connecting the plates, 
‘4 starting-point of power in each cell, and each contributes | 
energy in urging forward the current; although, therefor, th 
quantity of electricity isno greater than when the plates are. | 
us a single pair, its intensity or power of overcoming , 
far greater, and this power is within certain limits i i 
proportion as the number of pairs of plates is increased, 
arranged, the plates constitute « compound voltaic circle, a 

(107) Meaning of the terms Zlectromotive Fores, Hlec~ 
trical Resistance, Zlectrical Current, Quantity, and Tension, 
—By the term electromotive force is to he understood that 

‘w battery oF source of electricity in virtue of which it teuds to 








a few tums only of thick wire is deflected 

cell of a voltaic battery as by 6 ar even by.6o05 provided 

all of the same size, because the thick wire is capable of com 
freely the whole quantity of electricity whieh one cell can 
duce, and this is the same as that produced by the whole 
on the other hand, « galvanometer with many thousand 
fine wire gives the same deflection with battery formed 


‘the quantity in this ease is regulated and limited not by 

of the plates but by the power of the conduction in the 

quantity being therefore the same in both cases. In every aie 

the deflection is dependent solely on the quantity of y 
+ actually passing through the instrument without reference to 


‘The ignition of metals is a phenomenon dependent on 
and not om tension: thus one cell of a battery will ignite w: 


electricity which would ignite an inch of wire would iguite a foot 
‘or @ mile of the exme wire,’ * 

A battery of two or three cells which will readily fuse platinutt 
wire, produces no shock, because, although the quantity of electricity 
i abundant, the tension is low ; on the other hand, a battery of & 
goat number of pairs of small plates may give an intolerable shock 
to the system, though from its deficiency in quantity it may hav’ 
scarcely any power to fuse platiaum wire. 

‘The fall of tension is always accompanied by its conversion into 
heat; the ignition of wire by the voltaic current, the intense heat 
of the voltaic arc, and the heat and light of the electric discharge 
and of the spark are all cases of the evolution of heat in comse= 
quence of # fall of tension, and the quantity of heat evalvad is 
apparently directly proportionate to the fall of tension within a 
given epace, and to the quantity of electricity passing, 

(108) Ohm's Zaw.—Under no circumstances do we obtain in 
the form of a curvent the whole of the electricity produced by the 
chemical actions going on nee reali, The amount of electri- 
‘ty realized, or, in other words, the force of the current, is equal 
ss A of the electromotive forces divided by the sum of the 








Hence it appears that the force of the 


in four ways:—1. by increasing the Bop 
diminishing 


particular liquid used be denoted by A, and the 
of the kind of metal forming the circuit by m, then 
rE 







F- SPF 


‘The resistunces of different most ure inversely ag their col- 
ducting powers, the latest determination of which is by . 
whose results are expressed in the following table (Pik 
1858 and 1862, and Proceed. Zuy. Soc. vol. xii. p. 472) — 
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of this wire, or the number of unite of 
fame resistance as any conductor, is us 
conductor. 

If we represent the length, conducting power, and soction of 
substance forming the cireuit by 4, ¢, and ¢,and the reduced. 
or equivalent length, of the standard wire by 7, and its conducting | 
power and section by c’ and s’, then, asthe foree in each cast 


and it is roquired that the force of the ewrrent given by the ave 
is to be equal to that given by the other, we muat have 


(110) Wheatstone’s Parallelogram or Bridge.—For jet- 
suring the electrical resistance of a metal as compared with « give! 
standard, the instrument shown in Fig. r43 was invented by 
Whoatstone. 

1. Construstion of the Bridge—x 4 0 is x mahogany board supports! 
levelling acrows, and provided with a binding screw in the centre of «dt 
side; these screws are connected by a thick eopper wire, w www, let inom 
{groove in the surface of the board, and forming paralléogram, x Awe At 
points exactly equidistant from the angle x, the wires N ©, A are 
and the ends are connected with binding screws, #4. Similarly, 
wires F A,r Care severed, and the ends counected with the binding ser 
Trev Tn the centre of the board is 4 galvanometer, having a. 
needle suspended by a fibre of raw silk in the centre of a coil of 
‘thick wire. coil is attached to a disc, A, moveable on a vertical ax 
and a graduated card is fixed on the top of the coils, on which the dell 
tion of the needle may be observed ; a piece of tale is comented to the atl 
At oP to check the violent oscillutions of the needle. 

The ends of t ‘tre connected with the terminals © and a by wire 
sufliciently long to allow of the graduated disc and coils being moved rounl 
by the handle f, so as to bring the zero point to correspond with the neelle 
‘when it is in the plane of the magnetic meridian. A single cell of the Smee | 
‘or Daniell battery is generally sufficient to work theinstrament; itisshowt | 
‘at 2, one pole being in connection with x, the other, through the intervention | 
of a contact maker, with r. 

2. detion of the Instrument. —Suppose the wire w to be unbroken at rs 

when contact is made at 11, 0 current passes from 2 to x, where it bifur- 
cates, and as the two wires x4 P,x oP offer equal resistances, one-half 
of the current passes through each channel, the currents reunite at 7, and 
‘pass to Z, completing the eirewit. 

‘Neglecting the resistance of the external connections between 2 and x, 
and z and v, which do not influence the result: if the electrical tension at 
‘x bo represented by 10, at r it will be o, and at A and © it will be §, hence 
‘there will be no current between © and a, and the gulvanometer will be 
‘unaffected. If now a resistance of one mile be introduced at 4, and au equi- 
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‘resiatince at 2, the current will hifurcate equally as before, but the 
atm, #, and » will be much increased, and t! at cand 4 will 


Pig. 48. 


inlals proportionately; but being still eqaal on both sides, no carrent will 
frou ¢ to A, aud the needle of the galvanometer will remain at rest, 
o2 
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If, however, the resistance introduced at x4 be eitherdess oF 
‘than the resistance interposed between 4’ »', the current will no lomger 
the distribution of the tensions in x AF and x er 
the tension at c will be different from the tensfon 
4, and an clectric current will be established between cand A, 
deflection of the needle of the galvanometer, and the direetion of Lhe 
tion will denote on whictr side the resistance is greatest. 
3. General Law of the Instrument,—The coniluctors% AP and 


must always be the same for both conductors, however the resistances of 
the conductors and the tensions may be varied. Hence the electric tensions 
at a and o will be equal as long as the following proportional resistances are 
maintained, ¥ A: 4 F::3 0: 0%, and as long as the electric tensions at o and 
‘Aare identical, no current will pass between them through the galvanometer, 

If now there is introduced into the circuit on one side of the parallelo- 
gram a conductor having an unksown resistance, we can determine its resist= 
nee by introducing known resis{ances into the cireait on the one xide until, 
the galvanometer being no longer affected, we know that the current is 
equally divided, and that the resistances on both sides are equal. 

‘The mode of varying the resistance is by means of rheostats and resistance 

coils, the former being, usei for comparatively sinall and the latter for cone 
siderable resistances; both instruments are the inventions of Professor 
Wheatstone, The parallelogram is extensively used in testing the eondue= 
tivity of the copper wire to be used for submarine cables. 
(111) Wheatstone’s Eheostat and Resistance Cotis.—In 
their verifications of Ohm’s law, the German and French electricians: 
first observed the oscillations of the needle of the galvanometer 
when no extraneous resistance was introduced into the circuit; 
they then added a known resistance, and again measured the 
oscillations. Wheatstone adopted a different method: instead of 
constant he employed variable resistances, bringing thereby the 
currents compared to equality, aud inferring from the amount of 
resistance measured out between two deviations of the galvano- 
‘meter needle, the electromotive forces and resistances ofthe cirenit, 
aceording to the particular conditions of the experiments, 

For this purpose, he invented an instrument, which be calls 6 
wheostat, 





Wigs rao. 





It consists easentially of two cylinders (Figs. 149 and 150), one of wood, 
on which a spiral groove is cut, and round whieh is coiled @ long wine of 
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cas vere ‘quantity of electricity through 

the same time « unit of work or its equivalent. Thee 

absolute magnitode of the series of standards 

proposed to fix the series in various ways; but the most convenient (whem 
measurements have to be made by observations condneted with the aid if 
magnets) is probably that in which the series is fixed by the definition of 


the unit current, as that pareal the usit hog ee 
‘exerts a unit force on the unit magnetic pole, The 


definition of 
magnetic pole proposed by Gauss and Weber in its turn depends 
‘the units of mass, time, and length.’ 

Indetermining the unit of electrical resistance and the othe 
electrical unite, we must simply follow tho natural relations exist 
ing between the various electrical quantities and between thes 
and the fundamental units of time, mass, and apace. 

Tn the absolute electro-magnetic system of Weber and Thomson 
tho following equations exist between the mechanical and electricll 
units (Jenkin, Proc, Royal Soe., vol. xiv. ps 

Wee... 6 S1@) 
where W is the work dono in the time ¢ by the current C 


through » conductor of the resistance R, ‘This equation expreste® 
Tonle and Thomson's law, 








Ome eee 
where E is the electromotive force, This equation expresses Ohm's 
™, 
” QO)... 1 <n 


ee nee Nayaeeess 8 lati Sit rowed By nea where Q 
in the quantity of electricity conveyed or neutralised by the eurreut 
in the time ¢, Finally, the wholo system is rendered determinate 
hy the conditions that the unit length of the unit current must 
produce the unit force on the unit pole (Gauss) at the unit distance, 
‘If it is preferred to omit the conceptions of magnetism, this last 
statement is exactly equivalent to saying that the unit current 
conducted round two circles of unit area in vertical planes at right 
angles to each other, one circuit being at « great distance, D, above 
the other, will eause a couple to act between the circuits of a 
‘magnitude equal to the reciproenl cube of the distance D. ‘This 
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magnetism. The total amount of the current is measured | 
impulse given to the magnet, and the mechanical value 
impulse is measured by the angle through which it swings. The 
resistance of the whole circuit, consisting of both coils, is 
ascertained by dividing the electromotive force by the current. 

2. By causing a powerful magnet to oscillate within a coil 
wire, By the motion of the magnet, currents are produced 


coil, and these reacting on the magnet retard its motion. ‘The 
rate of diminution of the amplitude of the oscillations, when com- 
pared with the rate of diminution when the current is broken, 
affords the means of determining the resistance of the eireuit. 

(114) The British Association Unit of Blectrical Resist- 
ance.—In their experimental measurements of electrical resistance, 
‘Messrs. J. Clerk Maxwell, Balfour Stewart, beshesc:!- Jenkin 
(On Standards of Electrical Resistance, British Association Report 
for 1363) adopted an apparatus designed by Professor Thomson, 
by which the resistance of a coil can be determined in electro- 
magnetic measure by the observation of the constant deflection of 
A magnet. 

‘The coil of wire is mae to revolve about a vertical diameter with constant 
velocity. ‘The motion of the coil among the lines of foree, due to the earth's 
‘magnetism, produces indirect currents in the coily which are alternately in 
opposite direction with respect to the coil ilself, the direction changing as 
the plane of the coil passes throagh the east and west direction, IP we 
consider the direction of the current with respect to a fixed line in the east 
‘and west direction, we shall find thnt the changes in the current are aceom= 
panied with changes on the face of the coil presented to the east, so that the 
Absolute direction of the current as seen from the east remains always the 
same. 

If a magnet be suspended in the centre of the coil, it will be deflectod from 
the north and south ling by the action of these currents, and will be turned if 
the same direction as the coil revolves. ‘The force producing this deflection 
is varying continually in magnitu 
is sina, the oscillations of 
creasing the mass of the apparatw 
Lance of the col may be found when we know the dimensions of the coil, the 
‘yelocity of rotation, and the deflection of the magnet. The intensity of 
terrestrial magnetism enters into the measurement of the electromotive 
force, and also into the measurement of the current; but the measure of the 
raristance, which is the ratio of these two quantities, is quite independent af 
the value of the maynetie intensity. 


For a description of the apparatus, and for adetail of the experi 
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‘When water and certain saline 
elecizic circuit, so that a current of elect 


hydrogen gases, i : 

silts, which it holds in solution, are separated mot in 

minate manner, but the oxygen and the acids are all dey 

‘the positive pole,* and the hydrogen and the alkalies at the negn- 
tive, If pure water be submitted to the action of the current, it 


in decomposed with great difficulty, in conse , of 
its bad conducting power; for, if a Fretipanrtisrne: de 
it yields to the power of a very moderate current, 

To decompose acidulated water, it may be confined in @ glass 
tube, sealed hermetically at one end, and made part of the cienit by 
means of gold or platinum wires; or the arrangement shown in Fig. 

152 may be adopted, the wires being about 
Pig. 52 one-fourth of an inch apart. If two tubes 


rather more than double in volume to that 
in the tube over the positive electrode; the 
former being hydrogen, and the latter 
oxygen gas. Now in vapour of water, the 
relation by volume between the e 
and oxygen gases is exactly as two to one; 
nnd the reason why they do not. appear 
precisely in this proportion when water i 
electrolized is because oxygen is 
soluble, and a portion is therefore 
{in the acidulated water over which the gases are collected. 
‘To show the decomposition of a neutral salt, and the deter 





* According to Faraday's views, the determining force is not at the s0- 
called poles of the voltaic battery but within the body. Qt a 
‘Tho poles of tho battery ho regards as the doors through which the electeicity: 
tnter into, oF passes oll of, the decornposing body ; he proposes, therefore, 
for them the name electrodes, from jArerpor and aig (way). Compounds 
Yecomposable by the electric current he proposes to call electrolytes, from, 
ewrpor and Av (sot free); and the actof decomposing a compound eleetra= 
cheoieally he calls its elcctrolvais, Mr. Daniell distinguishes the *doors* 
throagh which the current enters and departs by the terms zincode 
Platinode, the former being the plate which occupies the position of 
plato on the battery, and the latter that of the conducting 
ees pase to nagative pole, oF positive and negative 
q ‘used. 


and in 
‘of whieh ia inserted a platinum wi 
kerala heey ss shows ig aera 


Pla. 1 


< [4 


a ara the Pedra cieseoda be ploved et 
Ea ces al Sate whieh th napative ectroda 


"This experiment may be modified thus 


__ {at emo tb each Fria with latina electrode, be filled with the 


(Fig. 155), On transmitting 
ieP etn 3 wil Sd Ln Bre ae i 
electrode is immersed has York Sts 
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Fipeee sa ection sia eas 
‘alvo be discalour this experiment ¢ 
bs ‘dacise Tenor poe 
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positive Saree 
speedily become blue, owing to the Hheratin there ef odio ‘hich, entering 
immediately into combination with the starch, forms an iodide of starch of 
44 fine blue colour. 

4 Lot the call be fied with solution of vl, to whi Few drupe fis 
tion of ferrocyanide of potassium have been added. Introduce into each eom= 
partment a plate of iyon as an electrode; in a few minutes the liquid in the 
Positive compartment will become of a deep blue colour, in consequence oF 
the oxidatiou and solution there of the iron, and the consequent formation 
of prussian blue by rexction with the solution of the 

§. Filla tall cylinder with a moderately strong solution of sulphate of 
Seapers oeseck long pam alp with sitar 689t oeea 
and iromerse jon. In a few seconds the plate connected 
with the manatees ‘will become covered with metallie copper, that im 
connection with the poritive electrode remaining bright. Reverse thediregtion 
of the current, the metallic eupreous deposit will gradually vanislt from the 
Platinum plate, and make its appearance on the other plate, now the 
loctrode, In the electrolysis of metallic solations, the metals, when 

always appear at the negative electrode, 

A remarkable paper on Some Chemical. Agencies of Electricity 
‘was communicated to the Royal Society in November 1805 by 
Davy. Amongst other experiments the following are described — 

*An arrangement was made consisting of three vessels, as shown in 
Fig. 156. Solution of sulphate of potash was placed in contact with the 






Pig. 156. 





‘passing through: 
ainmonia; the three glasses were connected together by pieces of amianthus, 
A power of x50 pairt was used. In less than five minutes it was found 


Hum paper that cid was collating round the postive pint in 
howr the result was saificiently distinct for accurate examination, 
essaieeseen nao snd rectpatal seen ot Mien SE ; 


negative 
‘the passage of the acid through alkaline menstraa.’ 
experiments excited at the time they were announced the 
‘astonishment ; = tho only way by which. they could at 
be leet was by supposing that throughout the whole 
< natural affinities of substances are suspended, but again 
pre oleae en eel otto 


attracted. 
i Grotthus. — The carliest and most 
theory to cake the chemical decompositions effected 

the linia baltery ‘was that of Grotthus. He assumed that each 
of a binary compound is in an opposite electrical state, 

one of the elements being electro-positive, and the other electro- 
‘Begative; and that under the influence of the contrary electricities 
‘af the poles or electrodes there is effected in the liquid in which 
Beewsszart & series of decompositions und recompositions 
in piste ‘Take for example the caso of water, In its 
unelectrified state the natural electricities of the mole- 

‘eules of oxygen and hydrogen are in equilibrium, as they each 
an exactly equal amount of the opposite forces, the oxygen 
electro-negative, thnt is, having a natural attraction for 
feeere ete, Sabo electro-positive, i.e. having 
‘a natural sttraction for positive electricity. When brought under 

the influence of the voltaic current, the row of molecules between 
‘the poles or electrodes is thrown first into an electro-polar state, 
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meester molecules turn towards the positive 
the electro-positive molecules turn towards the 
as shown in Fig, 157 (a), where the dark half 


mulated on the hy rdrogen molecule luces 
fh positive electrode a ani a 


gos at the negative, thus:— 
OP x 
Fle. 157 (H). 





Or-O-O-O-O- P 


The sez theory applicable to svey ese oie doe 
of a single electrolyte, and also to the remarkable experiments of 
Davy. In all cases there must be one unbroken series of particles | 
of the electrolyte between the two electrodes; and in the case in 
which the acid and alkaline constituents of the salts appear to be 
drawn through pure water, ammonia, &c., the decomposition could 
not have commenced until a portion of the salt had 7 
capillary attraction across the eyphons, so that e continuous ling 
saline particles was established between the electrodes, 

(116) Water may serve as an Electrode.—A substance 
cannot be transferred in the electric current beyond the point where 
it ceases to find « porticle with which it can combine, A si 
én,” that 3s, one not in combination with another, will have no 

‘= Faraday proposes to call the elements of an electrolyte ans, from tiny 
participle of the verb du: (to go). The dine which make their appearanes at 


se aad 





Heda eney 1 tha sn of tha ees 
‘of magnesia occupied the lower part of 
Tight side of the mica; buton the left-hand 
of water from ¢ tod, one Sach and half ia 


lying in the water upon the solution, not rising more than the 
Inch above the latter, whilat the iter between it and the 

‘was perfectly clear. On continuing the action, the bubbles 

rising upwards from the negative pole impressed a circulating movement om 
the stratum of water, upwards in the middie and downwards at a 
Which gradually gave an ascending form to the cloud of magnesia in abe 
part just under the pole, having am appearance as if it were 

to it, bat this was altogether an effect of the currents, and did not occur till 
long after the phenomena looked for were satisfactorily ascertained. 

(117) ‘Transfer of Ziements.—No element or substance an 
‘be transferred or pass from pole to pole unless it be in chemical 
relation to some other element or substance tending to pass in tha 
opposite direction, the effect being essentially due to the mutual 
relation of such particles. Thus, pulverised eharcoa! or sublimed 
sulphur, diffased through dilute sulphuric acid, exhibits no tendency 

the negative pole, acither do spongy platinum or gold pre— 

by sulphate of iron: yet in these cases the attraction of 
cohesion is almost perfectly overcome; the particles are so small. 
1s to remain for hours in suspension, and are perfectly free to mova 
hy the slightest impulse towards either pole, 

As an illustration of the transfer of elements, and their progress 
in opposite directions parallel to the electric current, the decompo= 
sition of eAloride of ailuer by silver-wire electrodes may be referred 
to, Upon fusing a portion of this compound on a pieca of 
and bringing the poles into contact with it, thore is 
silver evolved at the negative electrode, and an equal quantity ab- 
sorbed at the positive, for no chlorine is set free, and by careful 
management the negative wire may be drawn from the fused 
globules as the silver is reduced there, the lntter serving 98 the” 








in the course of the current used in any par 
should serve at pleasure cither as a comparative ae 

or as a positive measurer of the agent, Water z 
sulphuric ucid was the electrolyte chosen, and Fig. 159 exhibits 
‘one of the forms of apparatus employed, to which Faraday gave 
the appropriate name of the Voltameter or the Volta-electrometer:— 
din a straight tube, closed at one extremity, and graduated; @ the 
compblarnpbepaby ry A ee 
glase and connected with the platinum plates within. The tubs is Gtted by 





Pig. 159. Pig. bo, 





grinding into one mouth of a double-necked bottle, one-half or two-thirds 
filled with water acidalated with sulphuric acid, The tube is filled by in= 
lining the bottle; and when an electric current is passed through ity the 
gases evolved colleet in the upper part of the tube, and displace the dilute: 
‘acid, the stopper ¢ being left open. When the graduated tube ais filled 
‘with the mixed gases, the electric current may be broken by removing the 
wires connected with 4 ¥’, the stopper c replaced, and the meter tube refilled 
by properly inclining the instrument; « second measure of gas may then be 
connection re-establishing prea and so on, Many other forms may 
be given to this instrument. Fig. 160 is a useful arrangement, especially” 
‘when the experiimente are long continued, and where large quantities of the 
indicating gases are to be collected. ‘The method of using it ie sufficiently 
obvious. The delivery tube conducts the gases into a graduated receiver 
standing on the shelf of a hydro-pneamatic trough, where they can, from 
time to time, be measured. 
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fd the tube and remaining chloride allowed fo 

‘was broken, ie sndecnepoel loi Sol Us Sa 

from the platinun wire and its button of alloy. 

‘was re-weighed, and the incresse gave the weight of the tin reduced, 





Fig. 161, 


“* 


‘The following were the results of a particular experiment -— 

“The negative electrode weighed at first 20 grains : after the experiment, if 
weighed with the button of alloy 23-2 grains, The tin evolved by the electric 
‘curront at the cathode weighed therefore 32 grains. The quantity of 
and hydrogen gases collected in the voltameter amounted to 385 
inches, Now as 100 cubic inches of oxygen and hydrogen in the fr 
to form water may be considered as weighing 12°92 grains, the 385 cubic 
Heated. tha experi would Gea 
therefore, the welzht of water decomposed by the same electric current 
‘was able to (lecompose such a weight of protochloride of tin as saga 
32 grains of metal, 

Now 049742 + 9 (the equivalent of water) :: 32 : $79% $7°9 should 
therefore, be the eywivalent of tin, if the experiment had been without error, | 
and if the electro-chemical decomposition ix in thie case also In 
some chemical works 58 ia given as the chemical equivalent of tiny in others, 
579. Both are so near to the result of the experiment, and the 
itself is 40 subject to alight causes of variation, that the numbers leave little 
doubt of the applicability of the law of definite action in this and all similar 
‘cases of decomposition.” 

Farnday experimented upon chloride of ad in a manner precisely 
similar, except that plumbago was substituted for platinum, as the 
positive electrode. ‘The mean of throe experiments gave 100°85 ms 
the equivalent for lead, ‘The chemical equivalent is 103'5, the 
deficiency being probably attributable to the solution of part of 
the gas in tho yoltameter, 

In some experiments several substances were placed in succession, 
and decomposed simultaneously by the same electric current: 


zy =| 








second reaction takes place, ich hone 

at the electrodes are not those which the immediate 

of the compounds would produce, then the results are 

although the bodies evolved may be elementary, Thus, if, 

of ammonia be decomposed by platinum electrodes, 

at the positive electrode; but though an elementary body, 

secondary vesult in this case, being derived from the chemical 

action of the oxygen evolved there upon the ammonia in’ the! 

rounding solution. Tn the same manner, when aqueous solutions 

of certain metallic salts are electrolyzed, the metals evolved at 

the negutive pole, though elements, are secondary results, and not 

‘immediate consequences of the decomposing power of the current. 
(122) Crystallizations and Decompositions by Feeble 

Currents.—By exposing different metallic solutions to pes action 





de PBlectrieité, tom, ii. p. 287 of 409.) — 


Suboride of copper, in the form of small bright octobedrons of a deep red 
colour, was obtained by filing a tube with a solution of nitrate of copper, 
placing at the bottom some powdered protoxide, and plunging inte the liquid 
‘a plate of copper. The tube being then hermetically sealed, the crystals made 

thelr appearance in about ten days, 
‘retaride of lod wae obtained by placing st tho Bobaamie 
Titharge, and pouris ita alightly diluted 
ging in a plate of lead which was 

then 






‘equally in contact with the litharge; haenattiy olla 
ite became gradually covered with crystals: 





hydrated protoxide of lead. 
callized aride of zinc was ubtained thus: two bottles were 

swith a solation of oxide of zine in potash, and the other with a solution of 
nitrate of copper; a communication was established between them by means 
of a bent tube filled with potter's clay, moistened with a solution of nitrate 
cof potash ; a plate of lead was immersed in the solution of ing, and « plate 
Of copper in the solation of copper. Tae two plate wore put into metals 
communication with oach other. ‘The nitrate of copper wus decomposed tn 
Spades by chs corns promeding tors the acti Gf io alak oo 
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‘arrangement, suggested by 

Golding Bird, fine crystals of copper, suboxide of eapper, and 
of sine may be obtained 

A glass tube open at both ends, about half am inch in diameter and three 
‘inches in Jeugth, is closed at one end by means of a plug of plaster of paris 
about oue-eighth of an_ inch in thickness, ‘The Sino 
ately dilute solution of nitrate or chloride of copper, and placed insile « 
cylindrical gloss vessel nearly filled with a weak solution of potash or soda 
‘The leaden leg of a compound lead and copper are is plunged into the outer 
¢ylinder and the copper leg into the tube. The lead slowly dissolves in the 
alkaline solution, and electric action is set up: the current traverses the 
plaster of paris partition, and the oxide of eopper (precipitated by the slow 
admixture of the alialine solution with the copper salt) is reduced partly to 
the metallic state, and partly to suboxide, both of which on the 





ead or positive plate, while fine crystals of enpper and euboside are deposited. 
wn the copper or negative plate, 

(123) Blectrolytic Reduction of Metals.—The electro- 
reduction of the motals of the alkalies was originally, 
by Dary with o battery of 100 pairs of 6-inch copper and zine 
plates, but may be effected with a series of 8 or 10 cells of Grove’s: 
‘or Bunsen’s battery in the following manner :— 

Let a cavity be scooped in a piece of pare moistened canstie potash oF 
rod and let it be filled with mercury; lay the alkali on a strip of platingm 
connested with the positive electrode of the battery, and introduce ito 
th ‘mercury a platinam wire in contact with the electrode, wi 
amalgam of potassium or eodium with mercury will speedily be formed. In 
like manner the ommoniaeal amalgam may be formed by pouring « little 
mercury into a hole scooped in a lump of sa]-ammoniae, and connecting the 
‘mercury with the negative and the moistened sal-ammonine with the posl= 
tive electrode, ‘This is a very striking experiment, the eee = ae 
gradually increasing in size until it extends far beyond th 
finn contained it, ‘The amelgum i produced sore reply and onlay if 
the mercury be previously combined with «small quastly of poteasamna 

im 

By means of the little apparatus shown in Hg. 162, the late Dr, 
Golding Bird succeeded in obtaining ‘amalgams of potassium, 
and ammonium, and other metals, in a crystalline form, with the 
feeble current from a single Daniell's cell (Phil. Trans., 1857) 2— 

A glass cylinder d, 1°5 inch in diameter and 4 inches in lengthy is cloged 
at one end by means of a plog of plaster of paris 077 inch in thickness; the 
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frow a solution of chloride of silicon in mlcobol. 
The metals tarium, strontium, and calcium were obtained 
Bunsen by electrolyzing their respective chlorides, mixed up 
with water and a little hy lorie acid, at a : 
Seana © Fuh., the negative sects SERS ‘analgwoated gl 
num wire, A crystalline amalgam was thus obtained from whit 
the amercury was distilled off in a stream of hydrogen. Lithim 
was reduced from the fused chloride in a porcelain erucible, the 
positive electrode being a splinter of gus coke, and the negative an 
iron wire, the power employed being from four to six cells of tho 
nitric acid battery. Magnesium may be obtained from the fused 
chloride. In a similar manner, aluminum may be obtained from 
a mixture of fused chloride of aluminum and sodium. For the 
reduction of certain metals, Bunsen places the liquid to be decom— 
posed in a small aone cel atnding in‘ Sb con 
constitutes the positive electrode, the negative being 
strip of platinum dipping into the liquid. The whole is heated 
over a water-batb, The metals chromium and manganese may be 
obtained in a state of perfect purity by electrolyazing in the ake 
manner concentrated. solutions of their chlorides. 

(124) Blectro«metalurgy.— When the circuit is completed 
in a cell of the sulphate of eopper battery of Daniell, the electrical 
current passes freely through the metallie solution; no hydrogen 
makes its appearance on the conducting plate, but a coating of 
pure copper is deposited upon it. In the discovery of this battary, 
then, we find the origin of the now extensive art of electro 
metallurgy ; for it appears that in his earlier experiments it was 
noticed by Mr. Daniell that on removing a piece of the reduced copper 
from platinum electrode, scratches on the latter were 
with accuracy on the copper; and Mr. De la Tue made the b= 
servation (Phil. Mag., vol. ix. p. 484), that ‘the copper plate is 
covered with coating of metallic copper which is continually 
being deposited, and so perfect is the shect of copper thus formed, 
that on being stripped off, it has the polish, and even the eounter= 
part, of every scratch of the plate on which it is deposited.’ 

‘The first practical applications of this fact were made by Jacobi, 
of St. Petersburgh (Feb, 1837), and by Spencer and Jordan (1838), 
of Liv 


‘The first kind of apparatus employed by Spencer was simply w 
common tumbler to hold the copper solution, and n gas plies, 
having one end closed with brown paper or plaster of paris, to 
contain the saline solution; the coin to be copied, and a piecs of 
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that resulting from the addition of acid, but it wil Se ere ee eee 
Walker observes, failure more frequently results from the power of the bat 
tery being too strong than from its being too weak. 

‘The battery apparatus is shown in Figs, 165 and 166. 

A (ig. 165) is a cell of the sulphate of copper battery; m is the deeom= 
position celt led with an acid solution of stilphate of copper; & a sheet of 











sper connected with the positive pole of (he hattery to keep the solution 
supplied with copper salt; m a strip of metal connected with the negative 
pole, from which the moulds intended to receive the copper deposit are sus 
pended by metal wires. To charge the arrangement, the solations are 


Fig. 166, 





poured in, the wire = is connected with the copper sheet, and, fest, the wire 
with the moulds, ‘The charging liquid is a mixture of one part sulphuric 
acid, theo parts of the saturated solution of sulphate of copper, aud eight parts: 
of water. 

‘When the circuit is completed, the copper from the solution is transferred 
to the moulds, and the copper sheet undergoes oxidation and solbtion, thas 
eoping up the strength of the liquid. Rather a longer time is required by 
this method than with a single cell, bot two days will produce a medal of 
very good substanes, firm and pliable. ‘The time required depends, however, 

‘mach on the temperature, 
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and incorporated with the gutta percha. The paste is 

applied whilst soft, with a pressure gradually increasing, 

surface of the object to be copied. Moulds of plaster of Paris 

aust be immersed in melted wax or tallow to render them 

‘vious to moisture, and afterwands well covered with the 

lead. In all cases the backs of the moulds, if the material is 

conductor of electricity, must be coated with a resinous varnish to 

prevent a metallic deposit from taking place at those parts, 
One clegant method of producing a conducting surface 

flowers, leaves, fruits, and other delicate articles, was 

Captain Ibbetsou, Tt consists in immersing them in a 

tiou of phosphorus either in ether or in bisulphide 

allowing the solvent to evaporate from the surface, and. 

plunging the objects into a solution of nitrate of silvers i 

way afilm of metallic silver is deposited, upon which the 

from the battery may be received. If steel plate is to be copied, 

it must be electrotyped in silver previous to introducing it into the 


copper solution. In the process of electrosineing, which is carried 
on yery extensively, the iron plates, rods, or chains are it 

in a solution of sulphate of zinc, and connected with tha 

tive electrode of the battery, a plate of zine forming the pons 


of silver or of gold with potassium or calcium are employed, the 
positive electrodes heing silver and gold. 

‘The preparation of the argento and auro-eyanide solutions in 
Elkington’s large electro-metallurgical establishment is as follows 
(Napier) :-— 

‘The best yellow prussinte of potash is well dried upon an iron plate, and 
then reduced to a fine powder; carbonate of potash is siuntlarly treated; 
eight parts of the former are well mixed with three of the latter. ‘They: are 
then placed in a hot iron pot on the fire, and when melted are covered an 
allowed to remain for about half an hour; the contents are then poured upoti 
aan iron plate, and form the simple eyanide of putaasium. Nitrate of silver is 
ext prepared and precipitated in the form of eyanide of silver by the eare- 
fal addition of cyanide of potassium it is well washed, and is now dissolved 
ia excess of cyanide of potassium to form argento-eyanide. A solution which 
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card, und on that.a cirenlar copper ise, 
to 20%, with two or three cells of a small eee 


colours complementary to the first series appears, occupying the place of t 
former series. 


‘The colours are seen in the greatest perfection by placing the plate befuce 
a.window, and inclining a white sheet Lepeten ha angle of qs? over it, 
127) Blectrolysis of Salts.—From an elaborate series of ex- 
periments by tho late Professor Daniell on the sulphates of potash, 
oda and ammonia, nitrate of potash, &e., it appears— 
«That in the electrolysis of a solution of a nentral salt in water, a 
‘which is just sufficient to separate single equivalents of oxygen and 
from a mixture of sulphuric acid and water, will separate single equivalents 
ofoxygen and hydrogen from the saline solution, while single equivalents 
‘of acid and alkali will Iie thei eppereios a he sas a 
tive electrodes,’ 
And further experiments showed, that when dilute sulphuric acid 
was used, there was a transfer of acid towards the sincode (anode), 
the quantity scarcely ever exceeding the proportion of one-fourth 
of an equivalent as compared with the hydrogen evolved. Mz. 
Daniell thought this might possibly be owing to the acid 
mechanically earried back to the platinode (enthode), an in, 
cases there is n mechanical convection of the liquid from the 
positive to the negative pole (128), and this is greater in pro- 
Portion to the inferiority of its conducting power. If, 
this deficichey of acid were owing to the ‘achanical 
mechanical means, such as incrousing the number of diaphragms, 
would stop it; the proportion, however, was, even under these 
circumstances, still maintained, No difference waa observed, 
whether the oxygen was allowed to escape from a platinum anode, 
or whether it was absorbed by copper or zing, the metals, of course, 
being dissolved in proportions equivaleut to the hydrogen developed 
at the cathode; solutions of potash, baryta, and strontia, 
treated, exhibited a transfer of about one-fourth of an equivalent 
towards the cathode, When fused chloride of lead was included 
in the circuit in the place of the voltameter, the cathode being a 
platinum wire and the anode a piece of plumbago, results were 
priataed which showed that— 
‘The same current which is ast sufficient to resolve an equivalent ofehloriele 
fled Crh fob cing sogo'yta uated. by aay tonocehed aa 
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by a certain measure of the solution. An equal measure was 
then placed in each arm of the double diaphragm cell (Fig. 268), 





Fig, 168. 





fan apparatus which Daniell found very useful in his experiments 
on the electrolysis of secondary compounds, 


A and B are two halves of a stout glass cylinder, accurately around t 6 a 

to fit into two half cylinders, which, when adjasted, cover: foe 

two rims of the ring are each ent down to a shoulder, to admit of a. 

of bladder being tied over them to form a kind of dram. At 
hole to wlmit of the cavity being filed with a liquid. snd x are two | 
stout bent tubes fitted to the two half cylinders, for collecting the guses 
evolved in the experiments; g and A are two circular platinum electrodes, | 
‘connected with the battery by the wires # ond; The apparatus, when 
‘aijusted, forms three compartments, cach of which may be filled with the 
‘same or a different liquid, and the whole supported on a wooden frame. 


then separately neutralized, and half evaporated and ignited in the 
vapour of carbonate of ammonia, It was then found that the 
anode had gained 18 grains, and the cathode had lost 19 grains of 
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of ‘Miller (Elements 
we oft newt han te 
at the 
Tellehfch sppenred er the cnole, est ain er flecatia aaa 
this :— 


‘The oxide of lead is attached to the normal acetate fn m' 
10 water of crystallization, and the normal acetate is the 
‘whilst the oxide is left vpon the electrode in un insoluble formu as soon ms 
the acid which kept it in solution is removed 


Positive to the Negative Electrode,—This pede: which was 
first observed by Porrett, has been confirmed by Miller, 

mann, Quincke, and Crosse. The apparatus employed by Wiedo- 
mann (Sildiman's Journal, Nov. 1852) consisted of a porous earthen= 
ware cell, closed at the bottom, and terminated above by « glass 
bell, firmly cemented to the upper edge of the cylinder, Into the” 
tubulure of the bell a vertical glass tube was fitted, from which a 
horizontal tube proceeded so as to permit the fluid bers 
over into an appropriately placed vessel; u wire, serving as 
nogative electrode of the battéry, passed down through the pir 
bell into the interior of the porous cylinder, where it terminated in 
a plate of platinum. Outside the porous cylinder another plate of 
platinum was placed, and connected with the positive electroda, 
‘The whole stood in a large glass vessel, which, ns well as the 
interior porous cylinder, was filled with water, ‘The intensity of 
the current was measured by the galvandmeter. As soon as the 
Gireuit was closed, the Tiquid rose in the porous ¢ylinder, and flowed 
out from the horizontal tube into a weighed vessel. Wiedemann's 
results, which have been confirmed by Quinele, wore>— 

1. The quantity of fluid which flows out in equal times is directly propor 
tional to the strength of the ourrent. 

2, Under otherwise equal conditions, the quantities of Suid flowing out are 
independent of the magnitude of the conducting porous surface. 

3 The height to which a galvanic current causes a fluid to rise is directly 
proportional to the extent of the porous surface, 

4 The force with which an electric tension preseat upon both sides of a 
section of any given fluid urges the fluid from the positive to the inegetive 
side is aquivatent to a hydrostatic pressure which is direetly proportional 1 
that tension, 

‘The greater the resistance which the liquid offers to electrolysis 
the greater is the amount which is thus mechanically carried overs 
thus Crosse found that, when the pipe-clay which he employed in 
his experiments was mixed with dilute sulphuric acid instead of 
distilled water, no water was raised upwards towards the negative, 
electrode, 








a al 









232 YOLTAIC ELBOTRICITY. 


fluid may be speedily raised to the boiling point. 
is heated by the voltaic current, the 
first or most at one end; but it was shown by that this: 
depends on vento cicumstanes and i not duet ang zea 
tion of positive or negative as respects the current. 

‘The ‘thermal effect of a voltaic current, on m metallic! wile) 





depends on its conductibility; thus the current which will fuse 
a wire of iron or platinum may not even render incandescent 
wire of the same Iength of copper or silver. ‘This is illustrated 
by disposing a chain formed of alternate Links of silver and plati= 
ninm between the poles of a battery (Fig. 179) ; the platinum links 


Fig, 170, 





will become red hot during the passwge of the current, while the 
alternate silver links will remain dark. The discharge which 
passes freely along the silver meets with sufficient resistance in the 
platinum to produce ignition. ‘Tho conducting power of a metal 
js considerably diminished by heating it ; thus a wire that is heated 
to redness through its entire length by a voltaic current be 
fused by dipping a portion of it in cold water, the effect of. 
being to increase the conducting power of the wire, which is in 
fact equivalent to shortening the length through which the current 
passes. The sise of the wire heated by a battery depends on the 
extent of the surface of the electromotive elements, the fength on 
the number of the series, the quantity of electricity remaining the 
same, Faraday found that the same quantity of water was de- 
composed by a battery whether half an inch or eight inches of red 
hot wire were included in the circuit, and he observes that a 
fine wire may even be used as a rough but ready regulator of « 
voltaic current ; for, if it be made part of the cinenit, and the 
larger wires communienting with it be shifted nearer to, or farther 
apart, so as to keep the portion of the wire in the circuit 
at the same temperature, the current passing through it will be 
nearly tuniform, 

‘Thore is a striking difference betwoon the heat generated ia « 
platinum wire bye yoltaic eurrent according as the wire is im- 
mersed in atmospheric air or in other gases, Mr, Grove canted 





the application of the electric light to prmetical 
‘Namerous self-acting regulators for the maintenance of a: 
current through the carbon electrodes have been invented. 
of L. J. Duboseq, which was exhibited at the pape 
bition of 1862, is found to answer excellently for 

for the lecture-room ; but it is not suited to 


public lamps, because, if extinguished by any pres 
spontaneously relighted. « 

‘The two carbon electrodes are one cver the other on frames connected. 
by racks and gearing, so that, when the upper electrode descends, the lower 
‘one rises. The wheel work is s arranged that the relative motion of these 

be sack as to compensate for the unequal consumption 
‘bon electrodes. 
constant position by this arrangement, which 
‘would not be the case if only one electrode were moveable and. the other 
tixed, of if the two moved through equal distances; a barrel spring is em= 
ployed to drive the clockwork which moves the electrodes, ‘The clockwork: 
is stopped by a detent, which gears with an escapement wheel. The detent 
isconnected with the armature of an electro-magnel, and allows one or 
‘more teeth of the escapement wheel to pass whenever the current is below 
4 certain strength. ‘Thus step by step the carbon polats are allowed to 
approach. 

In orler to light this lamp, one of the carbon electrodes must be brought 
in contact with the other by hand, and then removed to a certain 
this caf be done without interfering with the train of wheels. The distanee 
from each other at which the electrodes remain, or rather the strength of 
‘current at which the escapement wheel is freed, can be regulated by altering: 
the distance between the electro~ and its armature, and thus altering, 
the attraction between them for a given current, 

(231) Blectrie Lamps. Duboscg's Lamp. —A modification of 
this lamp is represented in Fig. 171, arranged to throw the image 
of the carbon terminals during ignition, by means of a lens, on a 
screen. It shows in a beautiful manner the gradual wearing away 
of the positive and the increase of the negative electrode. The 
small globules or specks observed on the charcoal arise from the 

fasion of the minute quantities of silica contained im the coal 
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with ease and rccaracy, s0 as to bring the light 
Tetlector or lens if 


+The lever to which the one end of the cont of 


the cord, and consequently the whole frame or 

condined within small Vimits by stops, A weight on 

rocking lever nearly balances the weight of the upper r 
iratereatteched te this weight hings bmetolaily over 

magnet, When no current circulates through the lamp, the weight of the 
frame and electrode overbalances the count the is 


terpoise, 
from the second electro-magnet, and the end of the lever 
fills, lowering the upper electrode; but, when the current i 
Armature of this electro-magnet is attractod, and, with the aid 
poise, pulls dowa one end of the rocking vers Se SoU 


flies up, the upper electrode falls into contact with the lower, re-establishes 
ie mie) and again is drawn up to the original distance, eo that the lamp 
re lighted 

Other forms of electric lamp have been contrived by Test 
Gressler, Murray and Heath, and others, for 
wo rast refer to the Jurora’ Report above alluded to. The cont, 
however, of the electric power, the intensity of the light, and the 
difficulty of producing an uniform illumination, have hitherto been: 
insurmountable barriers to the application of the electric Light to 
the purpose of general illumination, 

By using 600 cellsof Bunsen's carbon battery, Despretz obtained 
8 voltaic are 7°8 inches in length. 

(132) Intensity of the Light of the Voltaic Aro,—This has 
been examined by Casselmann (Pogg. Ann. lsiii, 576), The in- 
tensity of the light was measured by a Bunsen's photometer, and 
the strength of the current by a tangent galvanometer, and ex- 
pressed in chemical units, 
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-moleeuiar constitution of the matter of the 
diffused matier which forms the voltaic arc. 

(134) Sounds produced tn Metallic 
of @ Voltaic Current through or round 
tin, sinc, bismuth, and even of lead, emit distinct 
traversed by a current from five to ton pairs of the nitric acid 
battery, whilst resting on the poles of an electro-magnet 5 
platinum, and sileer bars do the same, and merewry, and even. 
sulphuric acid and a solution of common salt enclosed in 
gins, emit sounds under similar conditions. 

For experiments on the sounds produced in metallic wires by 
the passage of a voltaic current through or round them, a sounding 
“board may be employed, on which the wires or rods are kept in a 
stute of tension by a weight; the electric current may be sent 
‘through the wire, or through helices af copper wire 
but not touching them. ‘The current must not be continuous, but 
broken at regular intervals, The sound of a well annealed irom 
wire, which far surpasses that emitted by any other metal, is xery 

bling the sound of church bells in the distance. 
suggests, that it might perhaps be advantageously 
ployed in the electric telegraph, 

‘The vibratory motion which results from the magnetization and 
demagnetization of scft iron by the electric current is shown by 
the following experiment: 

In the interior of a bobbin, oF a bottle surrounded with a wire rolled into 
& helix, are placed some very small dises or filings of iron; when a broken 
‘current Is eaused to traverse the wire of the helix, the dises or Slings are 
‘ten to be agitated, and to revolve round each other in the most remarkable 
manner, che lings having the appearance of tog I ebulies 
‘current be intense, they dart in the furm of jets like so many fountains. ‘The 
motion of the filing» is attended with a noise similar to that of « liquid when. 
‘it is boiling 

To exhibit the heating power of the voltaic arc, a small eayity 

should be bored in the positive gus-coke 
Fig-74 which serves as a crucible (Fig. 174); imto this 
— the metal to be operated upon is placed, and the 
current is transmitted from a battery of twenty 
or thirty cells of the nitrie acid battery. The 
metals are not only fused, but are actually eon- 

verted into vapour and disappear, 

(135) Luminous Discharge of Voltaic Bat- 
teries in Carbonic Acid Vacua.—The best 
‘yacuum procurable by the air-pump is still im- 
perfect, and even in the Torricellian vacuum 
matter is present in the form of highly attenuated mercurial vapour. 
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assumed the appearance shown in Fig. 178. With 2 tating 
582 series of Daniell’s elements (zine and copper insulated), the 
negative ball was surrounded with a brilliant glow, without any 


Tig. 178. 


on ee 


stratification, as shown in Fig. 179; the luminosity round th 
Positive coke being focble with a battery of 400 series of Grove’s 
elements. Thedischurge through a vacuum tube 24 inches long and 
18 inches in circumference, one of the electrodes being a copper 
curved dise 4 inches in diameter, and the other a brass wire, 
passed with a display of magniticent strata of the most dazzling 
brightness, 

+ On the copper plate there was a white Iayer, then » dark space about one 
inch broad; then a bluish atmosphere, curved like the plate, evidently three 
negative envelopes on a great scale, When the plate was positive the effeet 
‘was comparatively feeble.” 

‘Through » vacuum tube 6 inches long and 1 inch in diameter, 
with the tube containing caustic potash attached, and carbon ball 
electrodes, intense heat was produced, the discharge presenting & 
stream of light of intolerable brightness, in which, when viewed 
through a plate of green glass, strata could be observed. This 








Pig, 18, 


+ te 


soon changed to a sphere of light on the positive ball, which became 
red hot, the negative being surrounded by magnificent envelopes. 


Fig. 181, 


—— 


On applying a horseshoe magnet, the positive light was drawn out 
into strata, the needle of a gelvanometer in the circuit was violently 
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of the battery are not insulated, no 
obtained until the cireait has been 

then separated, Upon this the are appears, 
drilliaucy of which Pepend on the number of 
battery. With 400 carefully insulated cells, Mr. Gassiot | 


circuit, Wath the water battery of ieee 

appearance of an arc discharge 

stream of spark discharges took place ber ae 
water in the cells had nearly evaporated. 

‘When the discharge from the nitric acid battery 
electrodes in the carbonic acid yacuum tubes was 
needle of the galvanometer was only slightly affected, 
chemical action could be observed in the battery; but the 
‘that are discharge tok place, there was violent deflection of 
galvanometer, and strong indications of chemical action | 
of the battery. Are discharge could always be 
ing the caustic potasss. This appeared to facilitate the 
‘ond to assist in the disintegration of the carbon particles. It is 
these carbon particles which produce the are discharge and the 
brilliant light. 

It is Mr. Gassiot's opinion that the stratified discharge arises 
from the impulsos of a foree acting on highly-attonunted but m- 
sisting media ; and he concludes that the ordinary discharge of the 
voltaic battery under every condition is not continuous, but imter 
mittent, and that it consists of a series of pulsations or vibrations, 
of greater or less velocity, according to the resistance in the chensieal 
or metallic elements of the battery, or the conducting media through 
which the discharze passes, (Proceedings of the Royal ‘Society, 
‘vol. x. p. 404.) 

(137) Purther Investigations of Gassiot.—The stratified 
‘appearance produced in carbonic acid vacua by an extended se¥ies 
of the water battery, and the effects obtained by varying the re 
sistance, have been further investigated by Mr. Gassiot (Proe. 
Royal Soo, Dec. 11, 1862). When the discharge is taken be- 
tween two small balls of coke, 14 inch apart, in a carbonic acid 
vacuum tube, 2} inches long and x inch in diameter, luminous 

glows are observed on both balls; that on the negative being larrer 
nd more brilliant at intervals, as fash discharges take but 
in the dark discharge between the balls no strim can be sean, 
‘When, however, a resistance of about 3 inches of water is intro= 
duced in the circuit, the discharge assumes a uarrow stratified ap= 
pearance ; it is now intermittent, being separated when examined 
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mirror into a series of discharges, By varying 
‘the character of the discharges could be varied, and 
‘either stratified and intermittent, or bright and con 


discharge from the entire battery of 3,360 cells charged 
“With salt nnd water, between two aluminium balls three-cighthe of 
inch in diameter und 3 inches npart, ina vacuum tube about 
inches long, is of dazzling brilliancy, exhibiting ra or 14 strime, 
‘that nenrest the negative ball being truncated and of a pale-green 


‘When «& resistance of 36 inches of water is interposed in the 
‘cireuit, a faint luminous discharge is observed at each ball ; as the 
‘resistance is lessened, the two luminous discharges appear to 
‘travel towards or attract each other. When tho resistance is dimi- 
to 33 inches, a single clearly-defined luminous disc bursts” 
e positive, and remains steady and apparently fixed. 


Tig. 184. 


+ — 





‘resistance being diminished to 25 inches of water, the lumi- 

ge at the positive slowly progresses along the tube 
cond bright dise appears nnd remains stationary. The re~ 
Being diminished to 20 inches of water, a third disc ix 
; '8inches of water resistance brings out a fourth dise ; 
fifth; ++ inches a sixth; 7 inches a seventh, the nege- 
fcreasing in brilliancy, and having a flattened appear- 
4 inches of water resistance an eighth disc is obtained, 
‘resistance is still further lessened, three or four more 
out in quick succession; the whole discharge becomes 


ia 


‘unsteady, and the luminous discs are no longer fixed; some of 
these remarkable phenomena are illustrated in Fig. 185, When a 


;inehes long and 1 inch in diameter, provided with very 
electrodes five-eighths of an inch apart, was em- 
sfcharge passed till the potash which it contained was 
iphent luminosity appeared, and immediately after- 
then two cloudlike stris came from the positive 
wire, while round the negative « large brilliant glow was pro- 
“at the discharge continued, the negative wire became red- 
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In this experiment a proof is obtained that the d 
not pass in a very perfect vacuum, the presence of 
amount of matter being indispensable, and then heat is 


‘The form of the stri, and the positions they occapy im the 
vaewum tube, appear to depend—rst, on the power or energy of the 
battery; sndly, on the state of tension of the highly-«ttenuated 
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so for two or three seconds after the eireuit of 
Satins tes bees testes At the moment that the stratified | 
non tele 


however, as the action of the battery becomes sufficiently energetic, 
fre or continuous discharge takes place, and then the positive ter= 
minal becomes most ented. 


‘were obtained by Mr. Gassiot with goo cells of the 
battery (Proc, Royal Soc., vol. x. p. 265) :— 

A large tubular vessel, 24 inches long and 6 inches in diameter at ite 
‘widest part, was filled with carbonic acid and exhausted, the last portions of 
gas being absorbed by caustic potash; through each end of the vessel plati= 
‘num wires pass; to one was attached (inside the vessel) a concave 
plate 4 inches in diameter, and to the other a brass wire, This 
‘was connected with the battery, and placed between the poles of a powerful 
electre-magnet, the lines of force going through it. ‘The stratified discharge 
was extinguished the moment the clectro-magnet was thrown into action. 
Subsequently, through the sinking of the battery, or some other cause, the 
stratifiations disappeared, and the tabe was filled with a luminous glow. On 
now exciting the magnet with a battery of 10 cells, effulgent strata were 
drawn out from the positive pole, passing along the upper or under surface 
of the receiver, according to the direction of the current. On making the 
circuit of the magnet, and breaking it immediately, the juminous strata 
rushed from the positive and thea retreated, cloud following cloud with ® 
deliberate motion, and appsuring as if swallowed up Ly the positive elec 
trode. 


‘The amount of electricity which passed appeared materially inereased om. 
exciting the magnet; once the discharge was so intense as to fase half am 
inch of the positive terminal, After this had occurred, the discharge a0 
Jonger passed as before when the terminals of the buttery were connected 
‘ith thy but on eonecting the postive end of te batiery with the gasoplpes 
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of the current will be proportionately increased, and ant 
Fig. 186. 





— 


obtained by which very feeble currents amy be readily detected. 
‘then is the principle of the galeanometer, the simplest firm of which is 
in Fig, 186, but to which, to adapt it to the detection of Perr 
minute currents, various forms have been given; in all, the convolutions 
of the wire are multiplied, and the lateral transfer of the electricity pre- 
‘vented by coating it with sealing-wax. 


‘The sensibility of the gulvanometer is much increased by neu 


tralizing the magnetic intluence of the earth, by = 
noodles, ‘The neutralizing needle is attached to the 
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between the rac tah pel oh 


to pass between them, an openin; ly left, 
separation of the wires at the middle of to of dat coil, to 


middla of the straw to pass freely through it. A pel! 
on which the deviation of the needle is mensured, is 

tho wire on the upper surface of the instrument, having an aper= 
ture in its centre for the free passage of the needle and straw, _ 

Professor Tyndall (deat Considered as a Mode of Motion, p. 20) 
gives the following directions for the preparation of a pair of 
needles :— 

‘Maguetize both of them {o saturation; then suspend them in a vessel 
under a shade, to them from air-currents. The system will probably 
‘ct in the magnetic meridian, one needle being almost in. all cases 
than the other. Weaken the stronger needle carefully, by the tough of a 
second smaller magnet, When the needles are precisely equal in strength, 
‘they will set at right angles to the magnetic meridian. 

“Te might be ‘supposed that when the needies are equal in strength, the 
Girective force of the earth would be completely annulled, that the donble 
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have reduced the galyanometric 

ther words, supposing that the ail, ben 

‘action of a constant soarce of heat placed 
descends 2° or 3°, when a portion of the current is 
ternal wire—I say, that by causing the source to net from warions 


‘The connection between the two vessels being in 
sacs ba tonght oer escugh to stain rcrenray The dees 
SPs 05 1593 205 2593 305 355 4095 45% 
Interporing after each the same wire between v and y, we obtain the fol 
lowing numbers— 
1503 55 455 G35 Bgs 127295 25°37) aB4%} ager 
Assuming the force necessary to cause the needle to describe each of the 
first degrees of the galvanometer to Sa a oe 


8 the expression of the force corresponding to the rst observation. 
other forces are easily obtained by the proportions— 





Bd ANE AEE 
(that is to say, one reduced current is to the total current to whieh it eorre= 


sponds, as any other reduced current is to its corresponding total eurredt), 
Where a represents the deflection when the exterior circuit is closed. 
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5%, 14°, 15°, 16, 27% 28°, 19°, 20% 21% 
13, 14 hy 152, 163, 1TH, 186, 19°8, 2, 22°95 
WH, Uy Vy UI, Py TH OB, Ze 
2a, 29°, 24°, 25°, 26%, 27°, 28°, 29%, gOPs 
25S: 249, 264, 28, 29°75 38S 33° 55° 37°34, 
PH 15. 16, 7 1B. 1 EH 
‘ok ones not take into account any of the degrees preceding, 
force corresponding to each of them possesses the saine 


ling to the Arst 30° being known, nothing is aasior 


tha values of the forces corresponding to 35°, 40°, 45°, and 


deflections of these three ares are— 
153% 324% 297° 
;, commencing with the first, In the first 
oo mere eqaal to 152; we obtain 
- ‘the decimal o°s by multiplying this fraction by the difference 
fSetwoen the 75th and 76LN degree for we have svidestly 


Titec: racy 
‘redueed deflections corresponding to the 3sth degree will 
Biss bat 2° +073 15°52. By similar eonsiderutions we 
39 instead of 22°4°, and 36-79 instead of 297° for the 


45 

of 40° and 45°. 
to calculate the forces belonging to these three 
a 367% by means of the expression 31335 a5 this 


as ee SPT, Boh 12°55 
Pave bition re ee were 
with those of the x do receding table, we see that 
‘gxlvanometer diminishes considerably when we use 


Galvanometer.—The galvanometer which 
describing is an exquisitely delicate test of the 
of m current; it is not, however, adapted 
rement, for this purpose the langent com- 





powerful than the other, the needle will move, indicating 
strongest current, and showing by the amplitude of the deflection 
by how much the strongest current exceeds the weakest, 

(145) Thomson's Reflecting Calvanometer.—This instr 
‘mont is shown in Fig, 193. A «mall magnet is fixed to the back 





Fig. 103. 





of n little cireular glass mirror, which weighs with the magoat 
shout 14 grain. It is suspended by a fine silk thread, in a frame 
which slides in « circular bobbin, “This bobbin contains a coil of 
short and thick wire for thermo-electric experiments, or of long: 
thin wire for chemical currénts. The layers of the coil are 
close to the magnet, consequently in the position of zoe 
ciency. The coil has # small cylindrical opening in the 
ee ree ey circular mirror, in front cf'which « Jens 
placed on a separate stand with a slide and scale, 
beh ia ue the mirror, 1 which reflects the rays back through 
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PART V. 


ELECTRO-MAGNETISM. 





Discovery—Mutnal Actions of Magucts and Moveable Conductor—Of 
Parallel Currente—Laws of Angular Currents—Solenoids—Theories of 


tan), Oersted’s Discovery.—The grand fundamental fact 0» 
served by Oersted, in 1819, was, that when a magnetic needle is 
brought near the connecting medium (whether a metallic wire, ot 
charcoal, or even saline fluids) of a closed voltaic eireuit, it is im 
mediately deflected from its position, and made to take up a new 
~ depending on the relative positions of the needle and eon 
actor, 

In Fig. 194, lot » represent a copper wire, the bent ends of which dip iole 
two ataall cups e ¢, surmounting two wooden pillars « «, and filled with mer 





cury; let ¢ represent a maymetic neeile finely balanced on a pointed wire 
which can be raised or depressed, and adjusted either sere ot Say 
means of the screw ¢, and let the apparatus be arranged with 
in the ling of the magnetic meridian. 

If the connecting medium be placed horizontally over the needle, that pole 
of the latter which is nearest to the negatice end of the battery moves sett= 
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From the same law of the elementary force it follows that the 
intensity of the action of an indefinite angular current, « b¢ 
(Fig. 195), on a emall needle, d¢, is in the inverse ratio of the di- 
tance, 6 d, like that of the rectangular current, but it is moreover 
proportional to the tangent of half the angle,a 8 f. 

(149) Action of a Fixed Magnet on a Moveable Conduct: 
ing Wire.—The apparatus shown in Fig. 196 was contrived by 


Pig. 196. 





Ampire to demonstrate the reaction of the magnetic poles on the 
electric current :— 





‘Two metal 
to hold mere 
tical rods pro 


uprights, a d, provided at their lower extremities with capt 
Ys are fixed om a base-board ¢; from the tops of these vet- 

long horizontal arms, carrying at their ends brass we'- 
cury cups. moveable conductor consists of a rectangular copper wire. 
its two extremities being brought back near each other, so that their poin! 
may dip into the mercury capeules, d e: one of the poles of the voltaic 
battery is made to communicate with the lower extremity of one of the 

xl conductors, and the other with the corresponding extremity of the 






















the connections to be made in the manner 
figure, then the current will circulate through the system in the direction 
pointed out by the arrown; and on placing a magnetized bar below and very 
near to the lower part of the wire, the latter immediately moves and set 

itselt transversely to the magnet. On altering the direction of the current, 
or on turning the fixed magnet round, the wire again moves and describe 
‘an angle of 180°, in order to take up a position the reverse of that which i 
previously occupied, and which is in strict accordance with Ampere’s formula 
in the case of a fixed current and moveable magnet. 


\dieated in the 

















If the diameter of the rectangular wire be considerable (from 
18 inches to 2 feet), and if it be traversed by a powerful voltale, 


bs ecndecting wire ta made foto 2 ting, consisting of several coils, well 
ERT roperea with silk; one end of the wire is soldered 
plate, and the other to a copper plate, the latter enveloping the 

eee thats reals batty thes formed le paced in. © suall epline 
| deleal glass vessel, which can be floated in water by a cork attached to ite 
end. Dilute sulphuric acid is poured into the cylinder, and it is then 
By the current of eleciticity which is deter 


Pig. 199. 


; 


a eh, mpc properties ar conferred nponit it matte 
the plane of the magnetic meridian, and it 

snd. repulsion deseribed above, when a 
is brought near it on either aide, ‘The motions of this 
‘oil are less imped by setting it afloat in a little varnished 
fas shown in Fig. 198. On pouring dilute salphuric acid into 
‘Vowl, the coil becomes surprisingly sensible to the infuence of 
fund will be attracted and repelled at the distance of severul 

















We bent into @ spiral (Fig, 199), and suspended in such a 

it free borizoctul motion ; on passing the voltaic current 

‘the plane of the spiral will arrange itself E. and W.3 the 

ascending on the W, side und descending on the E, taking 
82 
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netic filament in which, when uppermost, the current is moving in 
the same direction as the hands of a watch, has the properties of 
8. pole, and vice verad. 

If the filament be placed horizontally (Fig. 211), its N. pole 
pointing to the N. and its S. pole to the 8., the electric currents 
cireulate on the upper side, from W. to E., and downwards an the 
eastern side ; on the under side from E. to Ww, and upwards on the 
western side. 


Pig. art. 


OOWO 


The mutual repulsion of two magnetic poles of the same name, 
and the attraction of two dissimilar poles, are simple ‘consequences 
of this theory. It has been shown that there is a repulsive action 
set up between two wires along which electrical currents are moving 
in opposite directions, but that when the currents move in the 
same direction along each wire attraction resulta. 

Now it is eary to see, that when two similar magnetic poles are 


Pig. 212, Fig. 213. 


OO O© 


brought near each other 212), the hypothetical currents are 
moving in contrary directions at the sides contiguous to each other, 
and that when two dissimilar poles are approximated (Fig. 213) 
the currents are flowing in the same direction—hence repulsion in 
the former case, and attrmetion in the latter. 
It follows also, as a consequence of this 
Fig. 214. mutual action of currents, that, viewing « 
magnet as an assemblage of filaments round 
each of which electrical currents are cir- 
culating, the resultant action of the magnet 
can culy be exerted externally : for let Fig. 
214 represent the section of a cylindrical 
magnetic bar, and the amall included ei 
cles come of its filamentary elements, the 
currents moving round the contiguous sides 
of any two of these circles, being opposed in direction, neutraliae 
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fracture of a magnetic bar; each piece becomes a perfect magnet, 
the polarities of the fractured ends being opposed to each other. 

This theory, which is sustained by the highest mathematic 
investigation, furnishes a satisfactory explanation of all the mutual 
actions of maymets and electric currents, and of magnetic and 
electro-magnetic phenomena in general. As laid down by Am- 
pire, however, it fails to account for diamaymetic actions, To 
render it at all consistent with these, it has been assumed that 
electric and magnetic forces might, in diamagnetic matter, induce 
currents of electricity in the direction the reverse to those in mag- 
netic matter, or else might induce currents where before there 
were none; whereas in magnetic cases, it was supposed that they 
only constrained particle currents to assume a particular directioa, 
which before were in all directions. Others, amongst whom is 
Weber, have madean addition to the hypothetical views of Amp 
—viz., that there is eletricity among the particles of matter which 
is not thrown into the form of a current until the magnetic indue- 
tion comes upon it, but which then assumes the character af 
current, having a direction contrary to that of the currents which 
Ampire supposed to be always circulating round magnetic matte, 
and 50 those other matters are rendered diamagnetic. 

‘A striking experimental distinction between a magnet and & 
helix, through which a current of electricity is circulating, has been 
pointed out by Faraday (Ex. Resear., 3273), Viz. :— 

+ Whereas an unchangeable magnet can never raise up a pice of soft ia 
to a state more than equal to its own, a helix can develope in an iron cow 
magnetic lines of force of a hundred or more times as much power as that 
possessed by itself when measured by the same means.” 

De la Rive (Notices of the Meetings of the Royal Institution, 
vol. i. p.458) suggests that the views of both Ampére and Weber 
may be maintained, by supposing that all atoms of matter ar 
endowed with electrical currents of a like kind, which move about 
them for ever, without diminution of their force or velocity, being 
essentially part of their nature. The direction of these currents 
for each atom is through one determinate diameter, and may there- 
fore be considered as the axis, When they emerge from the body 
of the atom they divide in all directions, and running over every 
part of the surface, converge towards the opposite end of the axis 
diameter, and therefore re-enter the atom to run for ever through 
the same course. The converging and diverging points are, as it 
were, poles of farce. 

Where the atoms of matter are close or numerous in given 
space, the hypothesis then admits that several atoms may conjoin 
into a ring, eo that their central or axial currents may run Ge 


























way, From this it was evident 
portion of either limb of the needle 
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Fig. 120. 
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magnet ms (Fig. 230) is at- 
to the bent copper wire D ¢, 
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the little apparatus shown in Fig. 2a1. The magnet pases throagh the 
bottom of a wooden eup containing mereury, its pole just rising above the 
surface of the metal. A glass cylinder is cemented into the cap, on the top 
of which is a wooden cap surmounted by a mereury cup; a wire panes 
through the bottom of this cup having a hook at the end, from which depends 
the conducting wire. On transmitting the current through this movable 
conductor, it immediately begins to revolve round the magnetic pol. Bath 
phenomena may even be exhibited in the same apparatus; and if both mag- 
net and conducting wire be made moveable, both will revalve in the sme 
direction round a common centre of motion, each appearing to pursus and 
ve pursued by the other. 








Fig. 222. 





of a Magnet round its own Azin—To effect this, the currett 
if one half of the magnet must be diverted from its court 
and made to pass away in such a direction so that it shall not affect th 
lower half, The reason for this is evident. Suppose, og. a current be 
maule to descend a magnet placed vertically, its N. pole being uppermoth it 
‘would tend to urge that pole round from left to right; but its influence 02 
the 8. polo would be just the reverse, tending to urge it from right to lef. 

Amptre was the first to demonstrate the rotation of a magnet round itt 
own axis. A convenient apparatus for the purpose was contrived bY 
Mr, Watkins, and is shown in Fig. 222. The maguet is finely-pointed st 
each end; the lower point reat in an agate cap; the upper end turnin 
hole made 1 screw with a milled head to turn it by. ‘The carrest 
is tranamitted through the lower half of the maguet by establishing com- 
munication between the two terminals of the battery and tho two mercury 

ns shown in the tigure. These mercury cups are in metallic connectiat 
with circular cisterns containing mercury, into which bent wires attechel 
to the magnet dip. 

(a) Rotation of a Conducting Body round its own Asis—Two ciresle? 
wowlen troughs are Grunly xed by screws on the arms of a strong hors 
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‘Very stout and well covered with sith, is wound 
bobbing a 
the bar should aequiry opposite polarities. The 


the eame direction rownd each bobbin, 


round the two ara, e9 as to form two 








Tustead of coiling the wire round the bobbins in. 
length, it is better that the total length of wine i 


after the voltaic current hus ceased to pass through the 
surrounding it, it was discovered by Ritchie that when the électro= 
magnet is very short, and the poles near each 

power with good soft iron is exocedingly small, but that 

the magnet is very long the retaining power is considerable, 
found also that a short electro-magnet, though its lifting ; 
may be considerable, is incapable of inducing: ; 

on an Urimagnatized horseshoe of tempered steel ; while an 
cape of four feet in length, though of no greater 


(152) Sounds produced during the Magnetization 
Demagnetization of Iron.—This is best observed by 
the end of along iron bar, surrounded with a coil of 
copper wire, on a sounding-board; it thus becomes a n 
not, and may ba heard distinctly through « larg 
suspending an iron bar so that it could vibrate frecly, 
lating the voltaic current by a wire so arranged 9s n¢ 1 
the bar, and breaking and renewing battery-contact rapidly, 2 
son elicited sounds as loud and distinet as those from a 
He ascertained that at the moment the sound is belek 
metal undergoes a sudden expansion, and that on interrupting the 
current a sudden contraction takes place, this expansion and cou 

traction being independent of that produced by the heatin-fome 

of the current, The effects are evidently caused by a molecular 
disturbance of the particles of the metal by the magnetic inducing. 
influence of the current. This is well shown by an experiment 
arranged by Grove, in which a ginss tube, open at both ends, but 
protected along its length with a copper jncket, is filled with 


water in which is powdered magnetic oxide of | 
On looking cndart ara as at distant objects, pee 
portion of the light is interrupted by the hetercgeneous arrange 














ous using but small capitala, where 
is nce than the 
actacecas'y and at will In this point of view the 
‘ere the usefalness of steam, in the place 














yen with direct 
a great superiority over rotating machines, 
compucents lost, and with the same expense 1 
¢ power is obtained than with rotating machines 

es of dimct movement, the influence of the currents of in- 
at jess consierat le than in rotating machines. 


+ electromagnetic engine which was something more 
than a mere mudel was constructed by Professor Jacobi, of St. 
Petersburz. in 1834 In 1838 he succeeded in propelling @ boat. 

ten vr twelve persons, on the river Neva, The vewel 
was a ten-oared shallop, equipped with paddlewheele, to which 
mitatury motion was communicated by an electro-magnetic engine. 
The bout was 28 feet long and 7} feet in width, and drew 24 feet 
of water, At first there was great difficulty in managing the 
Datteri-s,and the imperfect constriction of the engine was a source 
of frequent interruption. During a voyage which lasted several 
days the versel went at the rate of four miles per hour. In 1839 
Jacobi tried a second experiment in the same boat. The machine, 
which was the same as that used on the previous occasion, and 
which occupied little apace, was worked by a battery of 64 
platinum plates, each having 36 square inches of eurface, and 
charged, arconting to the plan of Grove, with nitric and eulphuric 
acid. The boat, with a party of fourteen persons on board, went 
against the stream at the rate of three miles per hour. 

In Silliman's Journal (Nov. 1850) the fundamental principle of 
an electro-magnetic engine of considerable power is thus described 
by Professor Page 

“Tt is well known that when a helix of suitable power is connected with 
the poles of a battery in action, an iron bar within it will remain held up by 
induced magnetiam, although the helix be placed in a vertical position ; and 
helix by the hand, it goes back with 
|. This power, the action of the h 

single col ia 
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Tod ia made to pass through the coil and hack again with great rapi 

with an equable motion, In all the engines hitherto used, there is a loss of 

power at the instant of the change of current, owing to the production of & 

Accondary current in the opposite direction; and to this loss is owing the 
lab 


















arramged that the attractions take plact before the krma- 
the central part af each clectre-magmet. 

As the attractive force of the magnets is only exercised at very small 

distances, it is eseless to allow the currents to circulate entsl the moment 

‘when each armature comes in close proximity to the electro-magnet—henct 









the use of so many electro-magnets, and of the division of the current during 
each revolution of the wheel. 
‘The form of the communicating wheels is shown in Fig. 227. Metallié 


Fig. 237. 





tact between the branches A, 0 p, which communicate with the poles 
if the battery, fo prevented by the ivory plate 75 the metallic plate ew 
‘carriea little ivory wheel a, which rolis on the wheel ar, aud itis oily 
when the cam % passes over the ivory wheel thut the latter establishes an 
Alectrical communication between 1 and p, by causing the plates of platlnut 
‘with which they are furnished to come into contact. A eopper screw #6) 
whieh passes through a nut x, fixed in the ivory plate ¥, traverses tht 
copper plate c p through a hole without touching it, and comes into contact 
‘with o, thus regulating the duration of the contacts between % and 
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model held up before the eye will express the 
give every position nid consequence of direction 
The following experiment is referred to by Faraday, a 


demonstriting that a ray of light may be electrified and the eae 
trie forces ilyminated= 

A tube was filled with distiled water ani introduced as a core inte 
helix or coil; it was placed in the line of the polarized ray, 20 that! 
examination through the eyepiece the image of the lamp-flame 

by the ray could be scen through it; then the eyepiece was turned aotil 
‘the image of the flame disappeared, and afterwards a strong voltaie eurriit 
was sent through the helix; the image of the flame instantly: 

and continued as Jong as the electric current was passing through (ht 
Delix; on stopping the current the image disappeared. When the curnit 
‘was sent round the helix in one direction, the rotation induced upon tye (a 
‘was one way; when the current was changed, the directiom of the rotatiat 
changed likewise, 


‘The apparatus shown in Fig. 229 was constructed by Batiger 
for the illustration of these novel phenomena :— 


is a stand supporting a pair of achromatic Nicol’s prisms, g and f, place 
horizontally; between these there is placed a brass tube, some 2 oF 5 








Fig. 229, 





Vines in diameter und from 6 to 8 inches long, closed at both ends by 
plates of glass, 6 hy the tube, filled with any double reflecting liquid—etieh as 
tartaric acid, ait of turpentine, solution of eur, &e,—is placed in the axis of 
hollow helix, 6 which is Lined throughout its entire length with wm thin 
eplinder of sheet-iron s the projecting terminals of the helix are brought by 





a = 


in every possible direction through it 
are all rotated with equal force, and according to 
‘of rotation—i.c, all right-handed, or else all to 

is is not the case with the rotation superinduced on 
by the magnetic or electric force ; it, 

is, in a plane perpendicular to 

‘Deing limited to this plang, it can be changed 

yy a reversal of the direction of the inducing force, 
‘of the rotation produced by the natural state is con- 
shly with the direction of the ray of light, but the 
‘it appoars to be possessed in every direction, and 
the of fluid, ‘The direction of the rotn- 
induced condition is connected invariably 
the magnetic line or the electric current, und 
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the condition is 
Timited by the Tine or currents ch 


Magnetic Royal Society (Dec. 
posed that all substances might be magnetic in the | 
‘though in so low n degroe as to be r 
menns of observation. In the memoir 


pace between the poles is called 
sachet the maynetic field 

in the sense Pepe 5 

this space, take up a position 

their longest diameters 

tho Line a 6, which is 


called the equatorial ls 
The first substance submitted by Faraday to Se see 
magnetic forces was heavy silicated borate of lead=zlass, 
this substance, 2 inches wide and 4 an inch thick, 
penied centrally between the poles of a powerful horseshoe 
magnet; when the effect of torsion was over, the voltaic currelt 
was thrown on, the bar immediately moved, and took up a 


Here then was  maguetic bar pointing E. and 
and 8. Ifthe bar was suspended nearer to one 
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contradistinetion to the lines called magnetic 

orate of lead and bodies which act like it, he 

ie ‘in contradistinction to iron and bodies 

‘comport themselves similar to it in the maguetic field, and 

which are magnetic substances. 

“Faraday submitted a great number of substances, solid and liquid, 
te the action of the magnet, the liquids being enclosed in small ‘ 

Blass tubes hermetically sealed. The results are given in the fol- 


Towing table:— 





Pointed Equatorially ( Diamaguetic). 


| Roek-erystat. Nitric acid. 
‘Sulphate of time. Sulphurie neid, 
‘Sulphate of baryta. ‘Mariatic acid. 
‘Sulphate of soda. Solutions of alkaline and 
Salphate of magnesia. earthy salts, 
Alum Glass. 
‘Mariate of ammonia. Lithargs, 
Chloride of lead, White arsenic, 
‘Chloride of sodium. kk 
Nitrate of potassa. Pb 
Carbonate of soda. Sulphur. 
Teeland spar. n 
Oratnte tea | 
‘artrate of potassa and antimony, Caffeine, 
‘Tartaric acid. Cinchona, 
Citric acid, Margarie acid. 
Water. ‘Wax from shell-lac, 
Alcohol. Olive oil. 
Ether. il of turpentine. 
4 Jet. 
ee ‘ Caoutchoue, 
Gumearabic, Dried beef, 
Wood. Freeh blood. 
Ivory. Leather. 
Dried mutton. Apple. 
‘Frosh beef. Bread. 
Pointed’ Axially ( Magnetic). 
oa Sulphate of zinc, 
wax. Sbell-lac. 
Floor-spar, Silkworm gut, 
‘Peroxide of lead. 
‘ Vermilion. 
eat Tearmaline 
-4 porcelain, Charcoal 
Restle 
appears to stand at the head of all diamagnetic sub- 
ances; its pointing may be verified between the poles of a common 





a ‘ 









it was broken. 2 s 
‘On repeating this riment with » powerful electro-magnely 
Fursdsy claorved oT That when the flame of a. Wax 

was placed so as to rise neross the magnetic axis, it assumed 1 
appenrance indicated in Fig, 231, the flame being vs 


Pig. 51 


ena Pig. a5 P 





between the points of the poles. 2. That when the flame war 
maised it became of a fish-tail shape (Fig. 232), disposed across 
the magnetic axis, 3, That when the flame was raised until 
about two-thirds of it wore above the level of the axial line, and 
the poles of the magnet approached within 0°; of an inch of each 
other, it spread out on each side of the axial line, producing & 
Aouble flame with two long tongues, as shown in Fig. 233. 

By repeating and extending these experiments, Furnday was led 
to the discovery that common air has a decided magnetic action, 
and that hot sir is more diamaguetic than cold air, When a tr 
rent of heated air is caused to pass from an ignited platinum wire 
directly cross the axial line; it divided into a double stream, 
ascending on the two sides on making the magnet active, and at 
the same time a descending current flowed downwards towards the 
hot wire. When a stream of sir, artificially cooled, was directed 
downwards « little on one side of the axial line, it was attracted 
towards it—i,e. the air hnd by cooling been rendered magnetic in 
relation to sir at the ordinary temperature, 


~~ -_ | 

















form, 
tbe suspended by a long thread ; let 

Totation be given to ft and ee Fle. 235. 
introduced into the magnetic 


electro-magnet, a8 
a Fig. 235; its rootion will bo 
‘and on trying, fure 
‘spin it whilst in the field it wp 
found impossible. Or let a 
be set in rapid rotation 
then sudifenly introduced into the 


field, its rotation will be 
suspended. 


¥, 
cf 


ust} 
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‘Faraday submitted various metallic salts to the action of the 
magnet, All salts and compounds containing iron in the basic part 
ywere found to be magnetic both in the form of crystals and when 
in solution: yellow and red ferrocyanide of potassinm were, how- 
‘ever, both diamagnetic; pare sulphate und chloride of nickel, in 
‘erystals and in solution, oxide of chromium and its salta, chromic 
acid and oxide of titanium, and the salts of manganese were mag- 
netic; the salts of lead, platinum, palladium, and arsenic, on the 
‘other hand, pointed equatorially, as did ulso chromate of potash. 

An interesting set of results was obtained by filling tubes with 

‘solutions of different degrees of strength, und suspond- 
ing them in similar forruginous solutions, also of differnt degroea 
‘of strength, between the poles of a powerful electro-magnet. 
‘When the solution in the tube was stronger, or contained more 
‘iron, than that in the glass in which it was suspended, it pointed 
avially; when it was weaker, or contained Tess iron, than that in 
the ylass, it pointed equatorially; and when the solutions in both: 
tube and awe were of the same degree of strength, the tube was 
indifferent. Tron and nickel when heated to a degree far above 
that required to render them insonsible to an ordinary magnet, still 

‘axially between the poles. 

Ped anultiplying these experiments, the following order of metals 

in their relation to the magnetic force was obtained (0° is the 
anefium point or condition of a metal or substance indiffirent to 


‘the magnetic force) :— 


Magnetic. 
Tron, Cerium.” 
‘Mickel. ‘Titanium. 
Cobalt. Zale, 
‘Manganese. lavinar. 
Chomiam Osmium. 


v2 








(168) The supposed Magne-crystallic, and Optic Axis 
Forces.—In his experiments on bismuth, Faraday bas bens 
some embarrassing results; e. 2. taking nt random fromm af 
four small east eylinders of the metal, and them 
zontally between the magnetic poles, the first pointed <a 
second opwatorially, the thinl equatorial in one position, and obliquely 
‘equatorial if turned round its axis 50° or 60°, the fourth 
and arially under the same treatment; whilst all of wert 
repelled by a single magnetic pole, thus showing their strong’ andl 
aes chisitan!) cbs oeus of sesh raga ‘Faraday 
traced to the regularly crystalline condition of the metallic 
ders; the tendency of pointing being, that the line joining two 
opposite solid angles of the crystalline group should take up ai 
arial position, and his experiments led him to the conclusion that 
there exists an impelling force distinct from the be peees — 
diamagnetic, and which he called the magne-crystallic force. "The 
subject was minutely investigated by Pliicker, who drew from Mis 
experiments the inference that there exists a relation between thé 
forms of the ultimate particles of matter and the magnetic forces, 
According to Faraday’s view, the new force discovered by Pliicker 
is an optic aris force exerted in an equatorial direction, and there 
fore existing in n direction at right angles to that which 
the magne-crystallie phenomena; both forces, however, having 
relation to the force conferring the condition of crystalline struc 
tare, and heving one common origin and cause. 

(169) Modification of Magnetic and Diamagnetic 
by Mechanical Arrangement.—The experiments of Tyndall 
and Knoblauch do not confirm the law announced by Pli¢ker, that 
“there will be repulsion or attraction ote oe ee 
of a magnet, according to the crystalline structure of the 
if the crystal bo a nugative one, there will be repulsion; if a 
positive, there will be attraction.” In some casos they found this 
law to hold good, but in many others the results were opposed 
wit, 


‘The following experiment is quoted to show that the deportment 
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of crystalline bodies in the magnetic field may be explained with- 
‘out assuming the existence of the ‘ optic axis’ force:— 

‘Take a slice of apple rather thicker thaia penny-piece, stick throngl it 
4p s direction perpendicular to its flat surface some bits of iron wire, and 
hang it in the magnetic field; it will set iteelf equntorial, not by repulsion, 
but by the attraction of the iron wires. 

“Substitute bits of bismuth wire for the iron; the apple will now set azial, 
‘nut ly ottraction, but by the repalsion of the bismuth.’ 

Now arrangement is conceivable amongst the particles of a 
Hesgtatic ons diamagnetic body capable of producing similar effects; 
and if the magnetic and diamagnetic forces be associated with the 
Particles of matter, the inference is not unreasonable that the 
closer these particles are aggregated, the less will be the obstruc- 
‘offered to the transmission of the respective forces through 
them. 

In another experiment, Tyndall and Knoblauch substituted for a 
exystal of sulphate of iron a model made of carbonate of iron, made 
foto m paste with gum-water, and compressed and arranged so that 
‘the line of ‘elective polarity’ through the model was perpendicular 
to the length, This model, though magnetic, and strongly at- 
tracted by the magnet, actually receded from it when made to 
stand between the flat-faced poles obliquely.” In the same way, by 
‘using bismuth powder they imitated Faraday's experiments with 
eryetols of that metal. Now as by reducing the substances to 
powder all symmetry of crystalline arrangement is destroyed, and 
‘the force among the particles which makes them cohere in regular 
order rendered ineffective, it would seem that magnetism and dia- 
maagnetism are clearly modified by mechanical arrangement. The 
general principle is enunciated in'the following law :— 

“If the arrangement of the component particles of any body be such as to 
present different degrees of proximity in different directions, then the line 
of clomat proximity, other circumstances boing equal, will be that chosen 
Wy Wha reopactive forces forthe exhibition of their grealeat energy. Ir the 
mass be magnetic, this line will stand rial, f diamagnetic equatorial” 

{t and speculation seem indeed to concur in pro- 
‘of closest proximity among the particles to be 
‘that in which the magnetic and diamagnetic forces will exhibit 

with peculiar energy, thus determining the position of 
the crystalline mass between the poles. 

* roe) Diamagnetic Polarity.—The experiments of Weberand 

led them to different conclusions on this point, the 

former having satisfied himself that he had proved a polarity af 
hie that of iron; and. the latter stating thane 
‘no eridence of diamagnetic polarity either im bis own 
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from which the astatie system of magnets § ¥ is suspended by alk 
= the black circle in front of the magnet s x is @mirzor, asd 
the rectangle do, d’«’ is the outline of a 


‘Ths bismuth cylinders were 3 inches long and o7 of am inch im dismetir, 
and were chemically pare. A current from a single cell of Grewels battery 


numbers, the position of rest being 20° less than when the bars were central 


When the current was caused to fow through the helicesin 
the contrary direction, an opposite result was obtained. Thus— 

‘The bismuth cylinders being in the centres of the helices, the eross wire 
Of the telescope cut the number 482 on the seale. Turning the wheel so 38 
to raise mn and depress o p, the cross wire cut 468; ruversing the motion 
s0 an to place the cylinder again central, the former position of 4Szwas | 
avumed, and on Wurning further in the same direction, so as to depress mm 
‘and raise © p, the oumber became 493. In this case, therefore, the dint 
motion was from greater to smoller numbers, and the last from smaller to 
greater, : 

Cylinders of copper, antimony, heavy glass, marble, and many 
other substances, were submitted to experiment with this appare- 
tus, and with all marked deflections were 
both magnetic and diamagnetic, were included by Tyndall in 
examination, and the polarity of both was established. 
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PART VIL. 


MAGNETO-ELECTRICITY. 


‘Volta- and Magnoto-clectric Induction—Arago's Rotations—Faraday's 
Researchor—Electric Spark from the Magnet—The Magneto-cleetric 
Machico—Its Applications—Induced Currente—Electro- Coit 
‘Machines—The Induction Coil—Phenomens of the Induced Carrent. 


(178) Enauction by Voltaic Gurrents.—When a current from 

single pair is sent Cihrough ‘a metallic wire, it induces a wave of 

in a second wire, forming a complete circuit, and placed 

to it, both at the moment when contact with the battery 

is made and when it is broken; but while the electricity continues 

to flow through the first or inducing wire, no inductive effect on 
the second wire can be perceived. 

‘The direction of the induced wave produced on breaking battery 
contact is the reverse of that produced on making contaet ; in the 
former case it is in the same direction as the battery current, in 
‘the latter case it is in the opposite direction, 

Let @ considerable length of silk-covered copper wire be wound round a 
‘lock of wood ; and let a second similar length of wire be arranged as a spiral 
between the coils of the first; let the ends of this second cofl be connected 
‘with w mall helix of fine-covered copper wire surroanding a small glass 
tube, fn. the axis of which is placed a common sewing-needle. On causing 
‘the carrent from a simple voltaic circle to pass through the first coll, and 

the neeille from the helix before breaking contact with the battery, 

MS be food to be magneto’. Lot a second needle be introduced into 

the helix, and let battery contact be then broken, this needle will also be 

to be a magnet, bat with its poles in « contrary direction to those of 

the first needle, Let the needle remain in the helix during the time of 

‘making and breaking battery contact, it will be found to have acquired very 
feeble magnetie properties, 

(173) ‘Pagneto-electric Induction.—Similar waves of elec- 

induced in wires by ordinary magnets without the in- 
eels of any voltaic arrangement, Thus, if a considerable 
Tength of covered copper wire be wound round a pasteboard cylinder, 
‘containing in its axis a bar of soft iron, and its ends connected 





opposite 
‘magnets into contact with the ends of the iron 


—— 


shown in Fig. 238, and in the reverse direction on. 

magnets. Or, rejecting the use of soft iron, if the partie 
helix be connected with a galvanomoter, and cither pole of astrong 

bar magnet be thrust into its axis (in the manner shown in Fig. 





Pig. 359. 





239); the needle will be immediately deflected; it will soon, how= 
ever, resume its original position; on withdrawing it, a second 
disturbance of the needle in the opposite direction will take place. 
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With a very strong magnet, induced currents are evinced by the 
by bringing the magnet near but not touching the 
‘end of the helix. 

(175) Terrestrial Magnoto-clectric Induction—When a 
piece of pure soft iron is held in the direction of the dip of the 
needle, it becomes pro tempore a magnet, its lower end acquiring 
&N. polarity ; if the bar be inverted, the polarity isat the same time 
Changed. If such a bar be placed in the axis of a coil of wire, the 
tnds of which ary connected with a galvanometer, held in the line of 
the dip, and then suddenly inverted, the needie is deflected, prov- 
Ing the evolution of x current of electricity from the magnotism 
of the earth. With a somewhat larger coil the iron bar may be 
dispensed with, and by causing a plate of copper to rotate in a 


contrary direction, 

centre. In fact it has been shown by Furaday that it is a conse- 
quence of the universality of the magnetic influence of the earth, 
that searcely any piece of metal can be moved in contact with 
others, either at rest or in motion, with different velocities, or in 
‘varying directions, without an electric current existing within 


f 


(174) Development of Magnetism by Rotation.—In the 
‘yeur 1824, Arago conceived the idea of studying the oscillations 
‘of m magnetic needle when placed above or near any body what- 
ever, Having suspended « magnetic needle above a metal, or even. 
‘water, and caused it to deviate a certain number of degrees 
from its normal position, it began, when left to iteolf, to oscillate 
in ares of less and less amplitude, as if it had been placed in a 
resisting medium; and it was further noticed that the diminution 


diminishing the amplitude of its oscillations. This conjecture 
was confirmed by Becrineer, for on causing’ disos of varions 
mal ‘to revolve with different velocities underneath a needle 
Dy a fibre of silk, a sheet of paper intervening between 

the needle and the disc, the needle was drawn out of the magnetic 
meridian the instant the disc began to revolve, with a degree of 
‘proportional to the velocity of the rotation ; and when this 

‘was vory rapid, the magnetiom of the earth was overpowored, and 


—— 





first slowly, bu 
the magnet was made to turn in an opposite direction, 


did not sensibly modify the results, but « sheet of ti 
greatly diminished the influence of the magnet, while. 
plates almost destroyed it. Babbage and Herschel also 


of the radii, the seat cing foros aiuotabiog Satie ae 
of solutions of continuity in the disc. 

‘Harris found, contrary to the observations of Babbage and 
Herschel, that masses of copper, silver, and zine sensibly 
Himmcisieds end. ator a time, arrested altogether the motion of 
the revolving disc, 

(275) Faragay's Explanation of Arago's 
these effects have received a satisfactory 
coveries of Faraday. He has shown that when a 
‘or conducting matter is moved across the lines of 
it has, or tends to have, a current of electricity produced 

‘Thus tig. 240) reprsent x tagtic ole wa ove 
formed of ‘any shape, and which at first is in position es 
that iret te mored one direction int position 4, or in the 
Airections into positions 2 or 3, or 4 or 53 or if the first position, « 
taised, and the pole move tor" towards tha poston », then'am loses ae 








* Farnday’s definition of a line of magnetic foros is ‘that line which a wery 
‘small needle describes, when it is so moved in any direction correspondent 
‘to its length, that the needle is constantly a tangent to the line of motion: 
for that line along which if a transverse ‘wire be moved in either 


‘The direetion of these 
ines about and between ordinary in easily represented in a general 
cole report mit Ch ee 1h es 


a 





FARADAY'S RESEARCHES, gor 


"rent will be produced in the circait having in.every case the same direction, 
id Dy the arrows, Reverse motions give currents in the 
| eee 

| Reeitad ok avec, end forcibea BRP 


Wve thia machine ts made to revolve from right to left,a current of élec~ * 
tricity is determined from the centro to the circumference, in the direction 


ur 





| of the arrows, anit the needle is deflected accordingly. If the revolution of 
the dine, oF the poles of the magnet be reversed, the electric carrent moves in 
insetion; when the plate is at rest, there is no distarbance of 


An Opposite 
the needle of the galvanometer. 

‘The direction of the current of electricity which is excited in 
metal when moving in the neighbourhood of a magnet, depends 
‘upon its relation to the magnetic curves. The following popular 
‘expression of it is given by Faraday : 








gives the result in every possible direction, 


therefore, a metallic plate is caused to re 
bets 


‘Whenever, 
in the neighbourhood of a magnet, or vice verad, 
are determined 


from the centre to the circumference, 


cireamference to the centre, the dno ea 


effect is precisely the same as in 
are governed by the following law :— 
Ifa wien 3s (Pigs 4s), be connected with the positive 


Fig. 243. 






‘So also when a plate of metal is made to rotate bene 


A of 
taal wil pas fee cose a 


contrary direction; and it is at onee evident, 
the above Jaw, both magnet and plate must 
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_. (x76) Electric Spark trom the Magnet.—(a) From a Natu- 
ec eae tees comers from Novara 
pa by Professor Forbes, of Edinburgh (March 30, 1832), but 
‘appears that the first document giving an account of the excita- 
tion Berea Fes poeseanent maguct by Signor Nobili, nud 
another dated from the museum at Florence, Jan. 31, 832, ‘The 





powerful natural janigibt en londiasoreapabiacf sapponting 13a Toes 


connecting the poles of the magnet. Accuracy of contact was found 
ef tocalderable lnportance 10 the succes of the experiment, and ont 
of the cylinder was carefully formed to a curve of about 2 inches radius 
for this purpose, Great advantage was found from the use of a mochanicul 





Pig. 44. 








_gwide, not represented in the figure, to enable an assistant to bring up the 
‘connector ‘and accurately to the magnet in the dark. 

The helix e consisted of about 150 feet of copper wire, about 2. of an inch 
in diameter, was 7} inches long, and was arranged in layers which were 





mercurial surfice was found to be of great consequence. The other extre- 
smi, fof be ‘heliaeal wire communicated by means of the cup of mereary # 

‘with the iron wire g, the fine point of which may be brought by the hand 
Soto contact with the surface of mercury in A, and separated from it at 
‘the instant when the coutact of the connector @ 6 with the poles of the mag- 
‘net js effected. ‘The epark is produced in the tube A. 

‘The success of this experiment obviously depends on the syn- 
Chronism of the production of the momentary curroat by connect 
‘ing the magnetic poles and the interruption of the circuit at the 
‘surface of air ly with a little practice, Forbes was able to 
‘produce, for many times in succession, at least two sparks from 

‘every three successive contacts, 


orseshoe electro-magnet 
ten or twelte feet of insulated copper wire are wound. 





Pig. 245, 





the coil two thick copper wires are to be soldered, in order to form 
& complete metallic circuit when the lifter is in contact with the 
poles of the magnet. ‘The magnet is mounted poles upward ania 
‘wooden stand, having o pillar with an urm or lever passing through 


— 














the quantity armature is constracted of stout iron, and covered with thidk 
insulated wire. ‘The other, termed the intensity armatare, is constructed 0 


Pig. 249, 





lighter irom, and covered with from 1,009 to 2,000 yds (econ tothe 
size of the instrument) of fine insulated wire, 








_/ 





“THE MAGNETO-ELECTRIC MACHINE. 3°7 
‘The quantity armatare is ndapted for exhibiting the spark (Fig. 247), in 


‘in soft iron heating plat . 
ip sfeoa pn (re. vce? doer peace GE ah 





‘Phe intensity armature is best adapted for administering the shock (Fig. 
‘anil for effecting chemical decomposition (Fig. 252). 

 flvod-eup in that part of the instrument to which the different appa~ 
sed to Uustrate the various phenomena are attached. ‘The one here 









Pig. 253 








“y. Tt consiste of a 

Dock of wood supported on a stand,eapable of being raised or lowered 

‘the height required. Two hollows, r and «, are mads on the top, into 

Pmercury is put when that medium is required, the round metal cise 

ig. 247) revolves in x, and the point A just dips into r; the wire fork w 
x2 





| 





ignit 

number from two to twenty-five, under certain 
consists of six small prenarny piece which 
iron bars, surrounded by coils of insulated wire. ‘The evils of all 
‘the magnets are united together so as to form with theexternal wine 
and the earth a single circuit, An axis carries six soft iron arm 
tures in succession before each of the coils, By this arrangement, 
two advantages are gnined : all the magnets simultaneously 
the wire, and produce the effect of a single magnet of more than 
six times the dimensions; and at the same time six shocks or 
currents are generated during a single fale ye 
that when aided by a multiplying motion applied to the 
very rapid tuccession of powerful currents is produced. 
peculiarity of this apparatus is, that the coils are. 
the soft iron armatures alone.are in motion; by 
pre during: the action of the machine is never 

‘his ingenious instrument is shown in Figs. 254 











a i 





256 nnd 257); one, passing downwards through the centre, re~ 


eeives about two inches of double in- 


parallel to ench other on each side of 
‘the contral one, and at right angles to 
it serve for the reception of the circuit 
The arrany (apm for securing 

‘the connection of these with the insu- 
Juted wires in the flazes is as follows :— 
‘of double cavered wire 
etealere too ccnally of ool 
toallow of the gutta-percha 

‘removed from about one-and-a— 


Mi 





epee ‘These bare ends of the fine wires, which are 
protrude from the top of the fuze-head, are then pressed into 











iphetl sities 
# a Hi 
i 
u 
i 
H 


Pa 


j 
‘4s (Pig. 262) represent a copper wire thus covered, but from which 
Permeaterer toes removed, and the wire interrupted from 
| fw current of electricity of sufficient intensity be caused to elreu- 
(rough the wire, it will leave the wire at the point a and pass through 


‘Pig. 26a. 


but here muifficient resistance will be set up to ignite 
r ly, if the cavity between a and b be filled up with 
guncotton, it will take fire. This faze was successfully em= 
Jnexploding mines in the works of Cherbourg, a RuhmkorfP' coil, 
‘by two of Bunsen's cells, being the power employed. 
‘w Statham’s fuzo charged with fulminate of mercury, 
Verdu effected a simultaneous explosion of six mines in 
mdistance of 300 metres from the apparatus, a coil 
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excited by a single element of a Bunsen’s battery being employed. 
It wes pitty however, by Wheatatone and Abel, that the electzo- 
magnetic induction machine was subject to considerable imgu- 
larity; that the conductor became liable to derangement in the 
transport of the apparatus, and that the apparatus was so liable to 
injury from such a variety of causes, as not to be recommended 
with confidence for field purposes; they therefore suggest, in pre- 
ference, the magneto-electric machine. 

‘The ignition of gunpowder by the direct magneto-current cannot 
be effected with any degree of certainty, and even Statham’s fuzes 
cannot be depended upon. The priming material discovered by 
Abel, which greatly exceeds in sensitiveness any other composition, 
is prepared by reducing separately to the finest possible state of 
division, eub-phosphide of copper, aub-sulphide of copper, and chlorala 
of potassa, and then mixing theso powdered substances very inti- 
mately in the proportions of 10 parts of the first, 45 of the 
second, and 15 of the third, by rubbing them well together in 
mortar, with the addition of sufficient alcohol to thoroughly moisten 
the mass, The mixture is afterwards carefully dried, and may be 
safely preserved in close vessels till required. 

+ Verdu's Rheotomic Arrangement of the Charyee.—The dix 
charge from the induction coil machine, unlike that from the 
Leyden jar, which will pass through several hundred solutions of 
continuity, producing @ spark at each interruption, becomes 30 
enfeebled by successive interruptions in the metallic circuit, that 
it in impracticable to ignite with certainty a number of charges in 
one circuit beyond certain limits, which, with Statham's fuzoe, are 

very narrow. Verdu, 
therefore, arranged the 
mines to be fired in 
groups, so that each 
group formed a special 
circuit; by then bring 
ing each cireuit in very 
quick succession in con- 
nection with the instru- 
ment, the mines were 
discharged with a r- 
pidity which had the | 
practical effect of a j 
simultaneous di 
One of the 
menta adopted is shown in Fig. 263, where ¢ represents = wire 
connecting ane pole of the induction coil with an instrument 














APPLICATION TO THE FIRING OF CANNON. 315, 


theotome, the other pole being connected with the 
The rheotame is provided with binding screws for receiv= 
‘Wires ¢, which lead to the mines m. These 


wire ¢ from the coil machine is in connection with a sort of metallic 
finger f, which, by means of an insulating handle, may be made to 

asemicirele with any degree of rapidity thet may be re= 
quired; and as its ono extromity presses firmly upon the instru 
‘ment at » point near any one of the binding screws, it is brought 
alternately into contact with the several small plates with which 
they are eormected, thus bringing them (and therefore the mines) 
linto connection with the coil machine. ‘The wires ¢’ aud the plates 
ee the charges and the coil machine with the 


g Savare's Arrangement of the Charges in Divided Cirewite— 
By dividing the circuit into branches, over the whole of which a 
current, or a rapid succession of currents, are distributed on the 
‘completion of the circuit, as was first suggested by M. Savare, a 
method of securing « practically simultaneous discharge of a num- 
‘ber of mines more effective than the so-called rheometric armange= 
ment of Verdu is obtained. 

‘The arrangement is shown in Fig, 264 (the letters of reference 
‘in which correspond in their meaning to those in Pig, 263), the 

| difference is that 






Pig. 264. 


‘in them are forced apart by the explosion, or fused by the heat ge- 
the farther passage of the current in that direction ig 

n and the remaining fuzes are in their turn exploded. 

ri with this mode of discharge were first made at 
4854. 









‘Magneto-electric 
as the bent ends of the armatures or inductors ¥, ¥, ¥ (Figs. 
249) are by the rotation of the wheel brought opposite the; 
magnet, they become magnetic by induction ; but being 
they lose their magnetism when they are in the position 


Fig. 247; i.e. at right angles to the magnetic. poles, 
have een (170) that at the moment of the induction 
3 of the destruction of the magnetism in an iron bar surro 
copper wire, currents or waves of electricity, moving 
opposite directions, are induced in the ‘rte if the cireuit 
plete; the points 4 (Fig. 247) are, therefore,-so arranged. 
shall Jeave the mercury, and thus break the ‘cirenit im the: 
surrounding the armature ¥, at the moment that its ends b 
opposed to the poles of the magnet ; for which purpose. 
de placed at nearly right angles to it: the cirouit is thus 
‘at the precise moment that a rush or wave of slectricity is 
mined in the wire, and hence the electrical effects that 

‘The lnws which regulate the 

in the induction coils have been i 


he bad previously found to regulate the intensity of the 
dynamic force excited by voltaic currents, ; 

‘These laws are 

4, That the magneto electric energy in an induction spiral, by 
tagnetiem, is equal to the sum of the electro-motive forces of all. 
dual cgils of the wire; this is in accordance with the fundamental lay of 
Obm (108) 

a That with ayally pawechlcorrnt the 
nearly proportional to the number of coils, the thickness of the 
‘no influence on ity the intensity will, however, be slightly 

ye width of the coils. 

(181) The Bxtra Current.—If a small pair of voltaic | 

modorately excited, and a small short wire used to 


ma , , 








‘enced every time the rapture is made and the contact: 
‘the battery be very emall, may be excruciating. 


De. Henry, of New Jersey, 
Glaborate investigation of the phenowans 
constructed 

















Dy passing 
ae alegre gece gree Armaan 
proved by the it possesses of magnotizing a needlein 
soa ae 7 on Bihcty Sis Gatienitoedbe there existed 
alternation in the direction of the currents of the several orders, 
city wilh the mcmndey ; it wasas follows :— 
‘Primary current making), direct. 
eARy corrent Seta weking) taco: Con breaking), direct, 
‘Tertiary current d ¢ (on making) direct; (on breaking’), inverse. 
Quaternary current /'g (ou making), inverse; (on breaking), direct, 
‘and 50 on, currents even of the seventh order having been obtained, 
currents being alternately direct and reverse, 


Phe Current iodvoed by the helix 9 is ono of quantiy but 
“the effects of the induced tertiary current in d are those of inten- 
Parry eating metallic handles attached ta tho ends of that 

‘shocks may be received, Bhd a quandiy ears maybe 

[Sa Henry foun: 

‘on interposing a screen of uny conducting substanice Seeeal 
currents could be obtained: a circular plate 

F instance, eaused the induction in 6 almost entirely to 
ar but when n elip of the metal wns cut out in the direc~ 
of the circle, the induction was not in the least 





upon a, with the two ends sepa 


ix dy shocks could be obtained from 








ELECTRO-MAGNETIC COIL MACHINES. gar 
‘screw ¢ is connected with the wire 6, the top of which is seen 


figure 
“alip of metal tipped with platinum, and with this, by the action of the spring, 
= the dise of iron is kept in coutact, Now, when counection is made with the 
thattery through the wires p and c, the central core of iron wire becomes mag- 
netiesd, and consequently attricts the disc of iron, thus breaking battery 
ontact: the current being shut off, the dise of iron is again raised by the 
tnd thus contact is broken and renewed with amazing rapidity, 
In Fig. 369 the contact breaker is a carved spring ¢, which ix carried 
rapidly round by the maltiplying wheel and handle d striking in its course 


Pig. a70. 





the ring, the other is in connection with the binding screw 8, where one of 
‘the battery wires is to be flzed. ‘The spring has a metallic communication 
‘with the other pole of the battery by means of its metallic eooket, to which a 
‘wire is soldered and brought down to another connecting piece symmetrical 
‘with « but not shown in the figure; f fare the usnal connecting pieces for 
‘adininistering the shock, &c. If the ring has a diameter of "2 inches, and 
‘Ws tolerably strong battery be employed, very brilliant effects are produced. 

Fig. 270 represents Henley's powerful arrangement of the electro-magnetic 

Yr 
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‘THE INDUCTION COIL. 


‘were not only obtained at the points of disjunction, 
‘the wire and a conducting body in communica- 
the earth, whilst in vacuo a brilliant and continuous 


Ruhmbkorit's improved induction coil is shown in Fig. 271. 

‘The bobbin is arranged Horizontally; the core is of thin cardboard ; 
aud the ends are either of ginss. or of well-vamished wood. or of gutta 
percha. The primary coil is a well-insulated wire of about 078 inch in 


Figez7 





the Scomtary is a fine thin wire (No, 36 of commerce), The 
fof the Intier pass throngh tabes of glass at the end of the bobl 
noe ‘are made of wood, but simply through holes drilled in them it 
or gutta percha, In the figare the extremities of the thick. 

C Hiseed ts fa lace 0 while the ends of the fine wire are in- 
tered li the brass cape n 6, insulated on glass columns. The wires leading 
from the voltaic battery are attached to the screws A B on either side of the 








com= 





wl convex. The Jnngest screws, A and 1, passing through the 
Srory; are inserted into the brass cylinders @ and =; waller screws, © my, 
merely sunk into the ivory; the copper uprights a commanication 


a¢arid 0 of the inducing circuits. On turning the button r, 
2p to be brought into contact with the epring m in oom- 
i the positive pole of the battery, the current will proceed 


of the arrows, entering the cylinder e along n, descending 
the coil through st, will re-enter the c 
7 v2 

















mutator through, 
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Wided continuous stream, overlapping the vessel as if the electric uid were 
Beefpee tstoos parton lene nt nicyam, ne te sopr ov 
on te i] ‘ire is 
(Sidra contact whi cr wihio ax lnc of toe uses of he ress sen 
Beemer Gechargs ski pes fam tae iat coating, Tos rege 
t e ‘insic a 
edi capcieacttashereseTig 275. weet r A 
If a tube, from 3 to 7 fect long aud from 1} to 2 inches in 
diameter, be connected by wires at each end with the terminals 
‘of the secondary coil, und the wir removed by an ais-pump, as the 
‘exhaustion proceeds a splendid auroral light fills the tube with 
coruscations, and as the vacuum gets more perfect a broad crimson 
sibandisobtained, extending throughout theentire lengthof the tube, 
‘Tf a small quantity of air be then admitted, the riband disappears 
and the coruscations return ; but these gradually die out as the air 
‘enters. A few strokes of the pump, however, bring them buck 
‘and thus, by increasing or diminishing the density of the 
the appearance of the discharge in the tube may be made to 
‘undergo corresponding variations. 





188) Stratiscations in Electrical Discharges in Torricel- 
| and other Vacua—Mr, (rove, in his investigations to 
“determine the electro-calorific effects due to the polar reactions of 
H ced currents on metallic plates, made, among other experi- 
the following :—A piece of carefully dried phosphorus was 


‘wire; on making a good vacnum, instead of a simple dit 
he obtained a light completely stratified ; that is to 
‘transversely to the direction of tho jot by a multi- 
e of very straight and mobile black bands, ' Similar pheno- 
‘mena were subsequently noticed by Ruhukorff’ in au alcobol 
‘Yacuum—viz.: magnificent vibrating stretifications in the middle 
‘of the red light issuing from the positive pole, They were also 
studied by M. Quet (Comptes-ZRendua, Dec. 1852). 

When the poles of the secondary are about 3 or inches apart 
‘in & good vacuum produced in the electric egg (Fig. 276) two dis- 
inet lights ate produced, differing in colour, form, and position ; 
that round the negative ball and wire is blue, it envelopes it regn- 
Jays that xound the positive is fire-red, it adheres to one side, 
. across towards the negative, On close examination, 


this 

‘i of a series of brilliant bands, ted from. 
‘Schley nde Ts brs wel oc tine 
‘of wood spirit, apirit of turpentine, alcohol, naphiha, aud bickloride of 


tin, and the yacuum must be as perfect as the best air-pump can 

















Buge?) fs Poecomene of the stratified d 
Eeained with 


ease and care. 


exhausted. On heating the caustic potash with a sp’ 

discharge assumes the character of largo and distinct 

eeaopernicly debeaiaeg soteatite tele aee n 
veasel ; these clouds are strongly affected by induction 
approaches the globe, presenting « very striking 


i 
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impinge aguinet the side of the vacuum tube, brilliantly illuminating 
the spot on which it strikes; if a magnet be presented, the spot 
will be contracted with one pole, and with the other the discharge 
will be bent in manner co that its extreme portion will iteelf 
impinge on the other side of the tube. If the experiment be made 
by reducing the intensity of the discharge, so that stratification’ 
from the positive terminal are observable, these stratification 
vanish as the discharge, which apparently proceeds from the nega- 
tive terminal, is forced by the magnet along the tube. 


Fig. 236, 


\ \ 
we 


ile | 


In this experiment there is the appearance of a direction of 
force emanating from the negative terminel, as well as one from 
the positive. The appearances in the tube in these experiments 
are represented in Figs. 286 and 287. , 


Fig. 267. 


‘The different phases of the electrical discharge in vacua rendered 
progressively more and more perfect, are well observed in tubes 
that have been filled with carbonic acid, exhausted, and the emall 
residue of gas gradually absorbed by caustic potash. The first 
discharge is that of a wave passing from wire to wire; it next : 
becomes a luminous glow, filling the tube, and showing narrow | 
stratifications commencing at the positive wire, the negative being'| 
surrounded bya blue glow. As the vacuum improves, the narrow 
stratifications extend throughout the discharge to about one ingh j 
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band. The first space is brown red ; the second dirty orange and yellow; the 
third and fourth spaces are rather faded green ; the fifth space, which ia very 
faded, is divided into two equal spaces, which are shaded off from the rel 
towards the violet, After the last-mentioned violet band, another dark 
jon of the spectrum occurs, about as wide as the red-yellow portien. In 
‘this dark portion three spaces are separated by three prominent and wall 
marked violet bands, whose breadth is of the same value as that of the 
before-mentioned six bands. The first of these three spaces, which is com- 
tiguous to the above six bright, bands, is somewhat broader than the thin, 
Both are perfectly black. ‘The second and middle space is about as broed as 
the first and third together, and is of a very dark violet colour. The fint 
band, which at the moment of commencing was of an especially brilliant 
red, lost almost the whole of its brightness after the streams hed passed 
through the tube for a long time. This was occasioned by the decompesi- 
tion of the gas into carbonic oxide and oxygen, the latter combining with the 
platinum of the negative electrode, and forming oxide of platinum, which 
‘was deposited of a yellow colour upon the neighbouring internal surface of 
the glass, { 
With azygen Pliicker could not obtain a good spectrum os | 
account of ite gradual disappearance and conbinaign with Oe | 
platinum of the electrode; binaride of nitrogen was decomposed, | 
giving, after some little time, the pure spectrum of nitrogen gu {| 
in great splendour; aqueous vapour was likewise decomposed, and 
the spectrum of hydrogen produced ; with ammonia the spectrs 
of hydrogen and nitrogen superposed were obtained. 
For experimenting upon the spectra produced by different metals, 
comparing them with that produced by platinum, the arrangement 
shown in Fig. 289 is found very coa- 
Fig. 285. venient, The metals, in the form of 
_ wires, are attached to ecrews, passing 
through clamps of vulcanite, which 
can be adjusted at any required 
height and angle by means of the 
spring tubes connecting them with 
the upright pillar, The wires on 
the left-hand clamp are permanently 
platinum ; those on the right hand 
clamp may be of any other metal ot 
metals; they are held by pincers, # 
that they may readily be removed 
and replaced by othera ; the two lowst 
screws are connected ically. 
The two upper are connected 
the secondary terminals of the oy 
and then with the Leyden jar. A brilliant discharge takes plaot 
simultaneously between the wires in each clamp, provided the 











pplication of Electrical Discharges from the In= 
ofl to the Purposes of Xiumination.—The sim 


thown in 


fare about two inches in length and 
(h im diameter, and are shown by 
are 


of copper 
lof applying the electric light for 
[fete Baer mopgeet Yy 











‘80 small that the miner can carry it without incon- 
|a emall carpet-bag. 


—— 
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of the discharger being set about one inch apart; the jar becomes 
constantly charged by the coil, and discharged between the pointe 
of the discharger. 


Fig. 291, 





But the jar may be charged by the coil in such a manner as to 
retain its charge as when it is charged in the usual manner by the 


Fig. 292. 














conductor of an electrical machine. For this purpose, itis arranged 
as shown in Fig. 292 ; the outer coating is brought into communi- 


— dl 
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ration with one of the poles of the coil, and the inner with one of 
the arms of the discharger, the other arm of xhich is in communi- 
‘ation with the other pole of the coil ; the points of the discharger 
are set two or three inches apart, 

‘Now it must be rememberyd that, when the poles of the second- 
ary coil are connected by a metallic wire, or other good conductor, 
there are two currents moving through it alternately in opposite 
directions, but that, when the poles are separated, one only of these 
waves or currents'is brought into action, that, namely, produced 
when battery contact with the primary is broken, which is by far 
the most intense; the other wave, that produced by making bat- 
Yery contact, is stopped off from the secondary wire, being ex- 

pended in the primary wire iteelf, as has already been sinted 
(281). The jor, therefore, receives not an alternating but n direct 
So oie ‘after a few sparks have passed, it may be removed 
and discharged in the usual manner. With Ruhinkorfi’s large 
instrument above described (186), 0 battery containing ro square 
feet of glass is charged to saturation in a few seconds. 






(196) Seebeck’s Discovery.—In the year 1821, 
Seebeck, of Berlin, ascertained that electrical 
excited in al] metallic bodies by disturbing the 
temperature, the essential conditions being that the ext 
should be in opposite states as regards temperature. ae | 
ratus was remarkably simple: it consisted of two different: 
(antimony and bismuth were found the most efficient) soldered 
together at their extremities, and formed into frames of either a 
circular or a rectangular figure. Electricity was excited by heal 
ing one of the compound corners by the flame of a spirit lamp, aud 
cooling the opposite corner by wrapping a few folds of 
peper tound it, and moistening it with ether. 

In Fig. 293 ¢ © is a plate of copper, the ends of whieh are beat at right 


Fig. apy 





angles, and sollered to a plate of bismuth, 6 6; a magnetized needle ts 
Ualaaced in the interior of the circuit. The apparatus being placed im the 
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‘magnetic meridian, one of the junctions of the metals is heated by « spirit~ 
pas mesearinie Pirectoule detect, showi ing the passage of an elec~ 


pica Subse tha those’ of Uh Fig. 294. 
thermo-electric 


magnet. 
Tf the extremities of two platinum wires be each coiled | 

foto a flat spiral, and the other ends connected with a 

delicate galvaniometer, a current of electricity will be 

determined through the instrament by merely heating 

‘one spiral to rednces and laying it 06 the other, the Bow 

‘of the current being from the hotter to the colder portion. 
If portions of metallic wire be stretched by weights, 

‘and connected with other portions of the same wire not 

‘80 stretched, it has been shown by Thomson that on 


(197) Thermo-electric Series. — Experiments have’ Shown 
‘that the thermo-clectric properties of metals have no connection 
with their voltaic relations, or with their power of conducting 
hest_or electricity; neither do they accord with. their specific 
gravities or atomie weights. In forming « thermo-cleetric series, 
it is desirable to combine an extreme positive with an extreme 
negative metal, The following series wns arranged by Professor 

‘ing. When any of these metals are heated at their point 
of junction, electrical currents are developed in such a manner 
‘that each motal becomes positive to all below and negative to all 
above it in Seals pe. oud ‘the reverse order is observed if the point 





‘of junetion be 
oo Rhodium 
Bisrouth Gola 
Mercury 
Naa } Silver : 
Platioum: Zine 
Palladiaen Cadmium 
Naoganee} 
‘Manganese, Plumbago 
Tin Tron 
Lead Arsenic 
Brass Antimony 
‘Tho following thermo-electrie ordor and enorgy of various bodies 
for ‘usually ranging between about 40° and 100° has 


Ay 
been | pee eee oi Trans. 1858). In the table the 
Eevastn > 


of the thermo-current excited between diver 
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and copper is taken as equal to 1, the current passing from the 
silver to the copper at the heated end. The numbers represent 
the force of the current between silver and each metal in sucos- 
sion, heated to the same point. Where the positive sign is pre- 
fixed, tho current is from the silver to the other metal at the 
heated junction; where the negative sign ia prefixed, the curaat 
is from the other metal at the hented point towards the ale 
The asterisks denote that the motal by which it is placed was eup- 
posed to be chemically pure :— 


Thermo-electric Order of Metals, §0., according to Matthiessen, 





+ = 
Bismuth, commercial pree- Gas coke hard... .  00s7 
sedwire. s,s 3581 “Zinc, pressed wire | |. x08 
“Bismuth, pressed wire. . 32:91 *Copper, voltaic . . |. om 
“Bismuth, cast. 2496 *Cadminm . . oun 
Crystallized Bismuth, axial 24°59 Antimony, premed wire | 1457 
Cryatal of Bismuth, equa- Strontium. 2... ret 
torial. 2 2. wyiy Lithium. 2. 378 
Coble se 897 tArenic. put 
Potassium. 5 49 Calcium. gb 
Nickel . 0 2 goa Iron, piano wire... aif 
Palladium. 2... 396 Antimony, axial. . . . 6965 
Sodium... . . . . -y094 Antimony, equatorial | 9435 
2°524 ‘Red phosphorus. . | 960 
283 ‘Antimony, cast... g87t 
1175 Alloy, 12 bismuth 7 
“Lend, pressed wire. . . 17029 tty cast } 136P 
sTin, pressed wire... 1000 Alloy, 2 antimony 
Copper wire 2. 2. 000 1 zine, cast an 
Platinum... 0723 ‘Tellurium. 2 2... 17g 
Iridium. 2. 0163 "Selenium. 2... 2900 
“Antimony, pressed wire . 01036 
“silver se. ee or000 


(198) Thermo-electric Piles and Batteries.—The arrange 
ment of the thermo-pile by Nobili and Melloni is shown in Fig. 
295 and 296. It is composed of a series of 

Fig. 295. small bars of antimony and bismuth, placed 

He parallel side by side, forming one prismatic 
bundle about 1} inch long, and somewhat less 
in diameter. The bars of bismuth which suc- 
ceed alternately to those of antimony are sol- 
dered at their extremities to the latter metal, 
= and separated at every other part of their sure 
faces by come insulating substance such as silk 

and paper. The first and lest bars have each a copper wire 
which terminates in @ peg of the same metal passing through & 
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fixed in a ting; the space between this ring and 





in the temperature of the opposite faces 

of the pile. 
Two forms of the thermo-clectric 

Dattery are shown in Figs. 297 and 298. 
‘Locke's thermo-battery (Fix. 297) is com- 


eylinder, which is then Gilled with plaster of Paris,leaving merely the ex- 


Pig. 297 





tremities of the bars exposed. ‘Tho first 
bar of bismuth is connected with one of 
the binding screws, and the last antimony 
bar with theother.  ‘Theinstrument is put 
in action by placing it on a vessel of ice, 
and then laying a hot iron plate on the top. 

Watkins's massive thermo-battery is 
shown in Fig, 298. Tt cousists of an asso- 
ciation of square bismuth and antimony 
plates alternately soldered together 20 as 
to form a composite battery, mounted in 
frame, with the upper and lower junc 
tions of inetal exposed. When either of 
the ends are slightly elevated or depressed. 
in regari to temperatare, the electrie cur- 
rent is established, and with the radiation 
of red-hot fron at one extremity, and ice 


Pig. 298, 





‘at the other, all the ordinary electrie phenomena, such as the spark, beat, 
‘electro-magnetic rotations, cliemical action, &c., are developed, 









pc a ospoes pit (ote anna 

single ‘compared with a Daniell’s c 

ss Bch chose ths postive TE 
me. . ee 
Nickel 


so fhe mete an ay camo 








The elements of his battery are about 7 inches 1 
broad, and half a line thick; they are screwed 
‘arranged that their lower junctions can be heated 


3 rai and 
fine platinum wire; decompose water; electroplate 
ses fama GUNES OSEeLae 1 Foot IEE ri 


== 


llie conductor from bismuth to antimony, heat is absorbed, 
‘that when the current traverses the conductor in the contrary 
etiva, heat is generated, The fact is referred to by Joule 
i Mag., 1843), us showing how it may be proved that when 
aleetrieal current is from a purely thermal soures, 


only compensations 
junctions of the different metals; or, that when the 
current is entirely thermal, there must be just as 
omitted from the parts not affected by the source as 

(a from the source, z 
eltier’s observation, the accuracy of which had been denied by 
@ experimenters (Phil. Mag., vol. v. p. 197), was confirmed by, 
dal by the following ingenious experiment (Phil. Mag., 1852, 

49) — 


(Big. 299) is a curved bar of bismuth, with each end of which « bar of 
on in front of the two junctures 








ony, a Asis Drought into close contact 
\ ie. 269. 





thambers hollowed out in cork and Glled with mercury. A current ia 
‘row the cell x” in the direction indicated by the arrow; at a it panses 
to bismnth ; nt x’ from bismuth to antimony, Now if Pel- 
bbe correct, we ought to have the mercury at at warmed, 
tm’ cooled, by the passage of the current, After three minutes! 
the voltuic circuit was broken, and the thermo test pair a’ 1’ 
}into x; the consequent deflection was 38°, and the sense of the 
proved that at x’ heat hod beex abvorbed. ‘The neelles were brought 
to rest at 0°, and the test pair was dipped into x1; the consequent 
tion was 609, and the sense of the deflection proved that at 3 heat hod 
penerated. The system of bars represented in the figure being embedded 
‘the junction at 2 was cooled slowly, and would have taken a 

aa 








with the addition of heat from the cold to the bot, 
a second addition of heat from the bot to the cold, 
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PART IX. 
ELECTRIC TELEGRAPHY. 





CHAPTER I. 


LAND AND AERIAL TELEGRAPHS. 
ee Telegraphs of Ronalds, Soemmering, Schilling, Gauss and 
ieee sot rine of Cooks and Whealstone; Single and Double 
and ~Wires—Under~ 
Printing Telegrap— 
of—Relays—The Printing Telegraphs of House and Hughes 

Magnetic Telegraphs—Acoustic Telegraphs—Dial Telegraphe—Wheat- 

‘stone's Universal Telegraph and Automatic System. 

(201) Barly Wotions of Electric Telegraphy.— Almost as 
‘00n as it had become Imown that conducting wires had the power 
‘of transmitting electricity instantaneously through distances of 
several miles, it occurred to several electricians that correspond~ 
aetna Rates sph. be sobomipted hy oases 


tie Wie Hass that Dr. Watson showed that the electric shock 
could be transmitted instantaneously through a circuit of two miles 
‘and more of water in 1747 (35), there have been numerous con- 
‘trivances for applying frictional electricity to telegraphic commu- 
‘nication. The direct experiment appears to have been made 
by Leeage, who, in the year 1774, established in Geneva an electric 
telegraph, consisting of 24 metallic wires, well insulated from each 
eee a acieation with « small pith-ball electro- 
meter, which could be diverged by an electrical machine, and 











caused to point to a letter or any other conventional signal. A 
few years later M. Lomond ( Young's Travels in France, vol. i. p. 
212) the employment of « pith-ball electrometer; and 
in 1794, ‘a German, invented a telegraph in which sigals 


‘« Leyden phial ; and, in 1787, Betancourt tried similar experi- 
‘ments in Spain. 


aad 


Hel 


He a 











‘was thus described by Wheatstone in his 
Parliamentary Committee on Railways: — 


“Upon a dial are arranged § magnetic needles in a 
Jolters of tive alphabet are marked upon the face of the 
Aetters are indicated by the mutual 
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@ cansed to move. These magnetic neulles are acted upon by electrical 


coils of wire placed immediately behind them. 
forms a portion of a communicating wire which may extend 





ia a wooden frame; the fatter are nied io the poles of » woltaic batiery, 


‘and, in the ordinary condition of theinstrument, have no metallic communica 
‘tion with the longitudinal bars, which areeach immediately connected with 


<ifferent wire of the Line; on each of these longitudinal bars 2 stops are placed, 
forming together 2 parallel rows. When a stop of the upper row is pressed 
See bas rece, Rie Ss placed Bre malls seemarontion, wich 
"the transverse bar below it, which is connected with one of the poles of the 


By reference to the figure, it will be seen that of the terminal 
owires of the 5 galvanometers, 5 are represented as passing out of 
‘the side of the telegraph case on the lett hand, and the other 5 on 
the right; they are numbered 1, 2, 3,4, 5. ‘The wires of the same 
umber os the multiplier are those which belong to it and aro 
continuous, Thus the wire 1 on the left hand proceeds from the 
first coil of multiplier 1, then to the second coil, and then coming 
off, passes out of the case and is numbered x on the right hand, 


observer is the operation of the telegraph by the 
as at trade potting by tacts earvtrrnes te 
Ietter. example, in the figure, the needles 1 and 4 cut each 
‘other by the lines of their joint deflections at the letter V on the 
is the letter intonded to be observed at the receiving 
In the same manner any other letter may bo selected. 
arate be van) senile 2p and, the 
4 oaly being deflected, points to the numeral 4 as the num- 

_ ber intended to he designated. 
}) Cooke and Wheatstone's Single Needle Telegraph. 
which was patented May 6, 1845, is shown in 
Figa 308 and 303. It is essentially composed of a single multi- 





i , 
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letter T also is indicated by fonr motions, to the right and 
Getto: the tet, thet again to the night, rad Sally to the Tot 
‘The code of signals formerly used with the single needle tele 
isshown in the following dingram ; and, bearing inmind that 
deflections of the symbols for ench letter commence in the 
direction of the short marks and end with the long ones, it will be 
sean thit the deflections of a singleneedie may be made to denote 
all the letters of the alphabet :— 


Fig. 704. 
+A BC MN OP 
Sv WW 1 ut tu 
DE a eg 3 
Vv W& 4d dM 
corn 4 uoyvow 
VY Ww ul ty 
Q kL See Vs TZ 
S/S YUN 
"Phe numerals are inscribed on the dial underneath the needle, 


‘find are indicated by the movements of ita lower half. For 
‘example, the figure 4 is designated by the motion of the lower 
‘extremity, once to the right and once to the left; the figare 9 by a 
‘movement once to the left and once to the right, and so on, 
‘The internal mechanism of the telegraph is exhibited in Fig. 
405. 4 is the bobbin, in the interior of which is placed either 
magnetic needle in the form of a Rhomboid rj inch long by 
ths of an inch broad, or, which Walker prefers, several highly mag~ 


Snches long. ‘The frame of the coil is made of copper, wood, or 
Ee tt 4 plate of varnished copper againet the side 
case. The copper wire surrounding the bobbin 4 

> ret anegeeranan diameter, and is well cov 
‘fon; one end of the wire from the right-hand bobbin i 
‘with the serew ¢, which by means of a metallic strap is connected 
‘with the screw @/, secured on the baso of the apparatus; the 


Rereesertae free we a of brass which is fixed to 
bar; from this brass plate ro Tl an upright stiff steel 





—1 is a boxwood drum, moveable by beac 
front of the base of Fig. 302. Round either 


spring which toishes th continuation of the «end tthe bars | 
Wey drum by the handle (Fig. 

Now on moving the a 
steel spring d will be raised from its corresponding 

the circuit will thus become broken, and by 

of the drum, the wire ¢ will come into contact wit 

below it, and thus there will be » battery pole at ei 





——~ 
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ram, and signals will thus be made on the dial, and on all the 
instruments connected With it. The connections are made insuch 
a manner, that when the hendle is turned to the right the needle 
moves to the right. The exterior, or indicating needle is always 
placed with its x pole wards ; that within the coil with its pole 
downwards; so that, in wceordance with Ocrsted’s fundamental 
Yaw (147), looking ut the face of the instrument, if we see the 
upper part of the needle moving towands the right, the spectator 
anay be sure that the current is ascending in that half of the wire 
which is nearest to him. 

‘A simpler form of manipulating key, applicable however only 
to single needle telegraphs, and which bas been adopted in the 
military instruments, is shown in Fig. 306. 

‘The two springs, «#, are screwed (o a lock in such manner that when 
at rest they press upwards against the metal cross-piece ¢, To insare gond 
contact with this metal, a steel point, with mavy edges, is brazed to the top 


Fig, 106 





of each spring, which presses it upwards into the cap in the cross-piece «. 
The springs ara terminated at x x, with Suger-keys of ivory or ebon; 
some other non-conducting substance, Underneath the springs 
metal points, against which they can be pressed down by the finger, and 
which are in metallic connection with the zinc pole of the battery; ¢ is ia 








connéetion with the copper pole, 4 is ia d 
the line wire through the galvanometer coils. 9 
‘A current coming from the distant station traverses 
instrument, deflecting its needie, passes from 1 1 
‘he earth. 
‘When 


Pressed down, the zine pole of the battery-is c 
‘earth, while the copper pole remains in connection through 
galvanometer of the sending instrament, and through it 


‘and a positive current is instantly sent throogh the coils of al ee 


of the ending and receiving introments are siamese alana 
right or left at pleasure. 
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r; but at the same instant the button 1 is released, and 
‘up under the influence of the spiral spring r, and thus leaves 

record of the bell having been rung. This system 
when many wires from distant stations arrive at the same 
each wire has its relay, and there is but one alsrum-bell; 
‘relays are all arranged in a box having holes in the lid corre~ 


through the electro-magnot eoils, and designate the 
‘ticular stations which wish to communicate, * 


Fig. 311. ‘ 

















‘On the South-Fastern Railway, on which the elarum or ‘ Train 
Signal Bell’ has heen used since December 1851, there are at the 
‘present time about goo instruments in daily and constant use for the 
‘ele purpose of signalling trains on the 308 miles of which that rail~ 

consists, In an excellent article on ‘ Train Signalling in Theory 
aaa Practice,’ by Mr. Charles Walker, F.R.S., Telegraphic Engi- 
peer to the South-Eastern Railway Company, the laws of train 
ynalling are thus illustrated (Populur Science Review, April 
1865)-— 

“Tuking the simple case of n ruilway like the Ramsgate-Margate, for 
Instance, having (wo pairs of rails, an yp line and a dowa line, with a signal~ 
‘Mation at each, but no internediate station; the fundamental law is, to 
“trakna or-engines are not to be allowed to run on the name line hehecen two signal= 

‘at the swine time, Io order to carry out this important regulation, 
BD 
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| 
fo snodos of sustaining and insulating telegraph wires genorally 
lopted in England are represented in Figs, 3x3 and 314. Wooden 
[sts, from 1s to 30 feet high, ere fixed firmly in the ground at 
le rate of about 30 a mile; the upper part of euch post is 5 oF 6 


Fig. 313. 











hes equare ; it carries a wooden arm, which ia separated from 
|e post by dices or rings of brown delfware. ‘The arm is secured 
| the post by an iron bolt and screw. On the face of the wooden 
{mm four hollow double earthenware or glaas cones are fastened hy 


Wig. 314. Fig. 516. 





{Mars of iron; through these the wires pass, nnd are thus effec 
insulated, Other forms of insulators are shown in Figs. 315, 
(6,317, and 318. The. contrivance for tightening the wires is 
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seen at B (Fig. 314). The posts on which this apparatus ixpii 
are much stouter than the ordinary sustaining-y and are fixed 
at intervals of } of a mile apart, ‘To the upper part of the postin 
attached 8 many iron screws as there are telegraph wires,and 
each screw carries a winder consisting of a grooved drum with 
wheel and ratchet attached ; the ends of the winder are insulatel 
from the post by discs of earthenware; a and b (Fig. 323) are two 
earthenware pulloys or shackles, each furnished 

with two hooks insulated from each other. Fig. 8. 
The winding-post is thus seen to be out of the 
‘circuit, but the metallic continuity of the tele- 
graph wire is secured by the thin wire c, sol- 


ELECTRIC TELEGRAPHY. 





dered to the outside of each shackle, Fig. 319 shows the form of | 
shackle usually employed for making a break in the lino in onder 
to introduce an instrument into the circuit, and Fig. 320 repre 
sonts Bright's patent terminal insulstor, which is largely used in 
over-house telegraphs, One or two insulators are attached to the 


Fig. 319. 


bolt as required; when used as an intermediate support for lig 
‘spans, or at bends in the line, two insulators are attached, as ab 
in the figure, and the conductor is completed by soldering a 
wire to the line wire at each side. 

The insulator generally used in France is shown in Fig 
The iron hook by which_the wire is suspended ia cementel 
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‘porcelain by a mixture of eulphur and coleothar, The tighten- 
ratchet is shown in Fig. 322; it is made of galvanized iron, 
‘one is fixed at every mile, the supports being of porcelain, 
‘The telegraph wire is of iron, about one-sixth of an inch 
r galeaniced by being passed through a bath of melted 
"Zine, but in the neighbourhood of large towns, where great quan- 
“tities of coals are daily burned, the sulphurous acid vapours arising 
from the combustion of the fuel passing over the oxide of zine 
‘sonvert it into sulphate of xine, which, being soluble in water, is 
soon washed off by the min. ‘The iron, thus deprived of its pro- 
bd 


. Fig. 521. Ge 





‘Yecting covering, soon cormdes, It was suggested by Highton 
(Blectrio Telegraph, p. 117) that in the tlapoarhook rye 
towns the wires should either be paintad and varnished or entirely 
cased in gutta percha. 

‘Phe insulator employed on the ‘ Morse’ line, from New York 
to Washington, is simply a glass kuob with two rings, between 
which the wire is wrapped. It is said to be very imperfect 
(Turnbull on ‘ The Blectra-magnetic Telegraph,’ p. 156), the wire 
Hosing its insulation almost entirely in wet weather, and the in- 
struments working with difficulty upon even the slightest shower, 
Tt has Soe found also that with this form of insulator the glass 
is liable To be erncked in two pieces, as if cut with a diamond, by 
‘the action of atmospheric electricity, 

‘Tn the ‘ House' line of telegraph (American) the glass cap, which 


— 
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is covered with lac-rarnish, is screwed into a bell-shaped iron 
which is fitted with Taoch care to the top of the per, and wal 
peinted and varnished. the telegraph wire is fastened to the top of 
the cap by projecting iron pointa This plan. though superior to 
that of Morse’s. seems inferior to the method adopted in England. 
In Germany the wires are insulated by passing through poreelin 
caps in the shape of a reversed cup. placed on the summit of the 
pets. which are thus covered with roofs, According to Calley 
(Practical Telegraphy. p. 60), coverings to insulators are not oaly 
us-lewe but injurious They do not themselves insulate, they 
afford no protection in fogs or continued rain, for then every part 
becomes equally damp: they harbour spiders, which spin their 
threads over and among the wires: they hinder the drying of the 
supports, and prevent the rain from washing off the dust. Inrula- 
tion is frequently improved by a heavy summer shower: bat the 
insulation of the wire is never perfect, even in dry weather, and 
although the leakage may be very small at any given point, yet | 
as the total surface exposed is as much as 220 aquare feet per mile 
of No. § wire, the love of electricity by defective insulation may be i 
very great. The best material yet known for insulation is ebonite, 
and if it should be found to bear exposure to the weather, it will 
doubtless be extensively used as a telegraph insulator. The nest 
best substance is stoneware, which possesses the important advan- 
taye over ylase that ite affinity for moisture is much lesa, 

There are two sorts of leakages to which telegraph wires are 
liable, one direct to the earth, which simply weakens the current, 
and which can be restored by additional battery power, the other 
a leakage into another wire, which causes great confusion in the 
working of the instrument, which is increased by an accession of 
battery power. These faults are called technically ‘earth’ and | 
“contact,’ the former being contact with the ground, the latter 
contact with another wire, The latter may be. according to 
Culley (Practical Telegraphy, p. 63), entirely obviated by placing 
the insulator upon a metallic post, or connecting them by a wit 
to the earth, ao that all the current which lexks over their surface 
may have a path provided which shall conduct better than the 
line wire, and the extra current thrown into the circuit by the 
Iessened resistance may be provided for by an increase of battery 

ower. 
apes ‘The Barth Cirouit.—It had long ago been shown by 
‘Watoon and others that a Leyden phial could be discharged throug® 
a circuit one-half of which consisted of moist earth. It appest® 
that Steinheil waa tho first to employ the earth to act the part 
a conducting wire in an electro-telegraphic circuit. The two e~ 
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| ‘Of recompositions; the lust negative molecule, a, being separated from its 

| ‘associated positive molecule, and thus becoming free, now combines with 
‘the positive molecule which precedes it, the negative molecule of which com- 

| ines with the positive immediately behind it, and s0 on, step by step. 

|. Suppose now the metallic circuit to be broken between two free molecules, 





Positive molecule will be brought into contact with an enormous reservoir, 
into whieh it will flow without meeting with any resistance; it will not 
therefore exercise any decomposing action, being in fact simply absorbed, 
‘The preceding negative molecule, being again set free, will immediately 
‘combine with the contiguous positive molecule, and the same thing happens 
‘at the negative end of the battery. A double series of decompositions and 
‘recompositions thus take place, and this only in one-half of the circuit; 
the resistance is consequently reduced one-half, that is, the intensity of the 
‘current is doubled. 


‘The following explanation of the manner in which the earth 
acts when forming part of a circuit, is given by Gavarret (Zélé- 
graphic Electrique, p. 35) — 

“The poles of a battery when disconnected have equal and contrary ten- 
‘sions, When insulated conductors are placed in contact with them, they 
‘themselves became the poles of the battery, which furnishes a sufficient cur= 
‘rent to charge them, but not of eufficient duration to move a galvanometer 


"If the conductors are enlarged, the time occupied in charging them will 
Increase, aotil, a8 they are still farther enlarged, « limit will be reached at 
‘whieh the flow of electricity into them will last lony enougl to affect the 

jer; and when the conductors become infinitely long oF infinitely 
‘ange, the time ocenpied in charging them also becomes infinite, or in other 
‘wortls, the current will pass precisely as if the poles were connected. 

Thus when the extremities of a cireuit are connected to the earth, which 
4s an infinitely large conductor, their respective tensions are diffused in all 
directions without producing aay appreciable teusion io the earth itself, 20 
‘that the current will continue to flow.” 


| 5 
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The earth, though offering less resistance to the circulation of 
the electrical force than the best of all conductors, acts at the ame 
time as the most perfect insulator. Of this the following striking 
illustration is given by Walker (Electric Telegraph Manipulation, 
p. 35):—! Ten wires enter the London office, each going to one 
side of the galvanometer; the other sides of the galvanometer are 
connected respectively by ten wires with a long strip of bras, 
which brass is connected with the waterpipes, so that, in point of 
fact, the wires, notwithstanding all our care and cost to keep them 
insulated from each other throughout their course along the rail- 
ways, are actually one and all clustered together into one common 
bundle as soon as they have passed the galvanometer, Notwith- 
standing this oneness of the wires, provided all is clear along the 
line, a current can be sent along any one of the ten without any 
portion being distributed among the other nine. Take the case of 
two wires only as an example. ‘They are united and joined to the 
earth wire before they enter the London instrument. They ae 
kept carefully apart from London to Dover, but after passing the 
Dover instrument they are again united, and are joined to the 
earth wire, eo that they form a continuous loop; and yet the cur- 
rent intended for one wire always takes the earth as the return half 
of the circuit, and no part of it finds its way into the companion 
wire. But if by any accident tho earth wire is divided, the care 
is widely altered, and the current tells its own tale 
action on the galvanometer, for it now accepts the companion wir, 
which before it entirely rejected.” 

(215) Underground Wires.—The following details of the 
aystem of underground wires, as adopted by the Magnetic Tele- 
graph Company, was kindly furnished by Mr. Bright :-— 

‘Tt was evident that the integrity of the insulating coatings of gutta 
percha could not be preserved long without some external protection through 
‘out the length of each line, as the mere compression of the soil, gravel, and 
atones, would at once have injured it, and in opening the roads for repait 



























of drawing them through, as wi 
work, where the wires were laid in ordinary gas piping; and that along the 











st 
oughs of about 3 inches scantling, cut in long, 
lengths, #0 as to be little liable to disturbance upon any partial subsidence of” 
the soil, which not unfrequently occurs in districta where mining operations 
are carried on. ‘The tops of the troughs are generally protected by fastening 
to them « galvanized iron lid” 
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| A section of one of the troughs is shown in Fig. 324; m being 
| Raiteboats jw thn galvacised iron lid; o the gutie-perceacd wince 

snd p a lnpping of tarred yarn. Tho trough is deposited at a depth 
of two feet from the surfuce of the road. ‘The iron piping used in 
towns is about 24 inches in diameter. 
‘The lower halves are first laid, socket 
fnto socket, in the trench, and the 
owites are then tapidly reeled off, and 
deposited in the lower halves from a 
drum drawn over the trench, The 
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‘ears cast in the sides of the pipes. 

So well has this mode succeeded 
that in Liverpool the whole lengths 
of the streets from the Tithebarn 
railway station to the office in Ex- 
change Street East were laid in a single night; m 
chester, the line of streets from the railway station in Salford to 
Ducie Street, by the Manchester Exchange, in twenty-two hours. 

‘The Magnetic Telegraph Company have adopted the under 

‘system to a great extent. In 18st, they laid a line between 

and Manchester ; they afterwards extended the system 

from London through Birmingham to Manchester, Liverpool, and 

the various towns in the Lancashire districts, northwards to Scot- 

Jand, with « submarine cable linking up underground wires laid 
to Belfast and Dublin. 

(216) The Morse Printing Telegraph.—This instrument, 
which, slightly modified and improved, is of all the forme of tele- 
graphic mpparatus hitherto invented the most extensively used, 
was conceived by Professor Morse in 1832, though it does not 
‘appear that he can lay claim to an earlier date than 1857 for its 
| actual construction (Moigno, Télégraphie Llectrique). The original 
cantrivance included a pen at one end of a wire, which, as contact 
| was made and broken, produced an arbitrary alphabet of dots and 
| strokes which might represent definite characters. 
| Ona wooden platform, a » (Fig. 325), is fixed a vertical support, 0, to 
which in scrowed an clectro-maguct, x r; on the upper part of the vertical 
support is metallic band, o o, the sides of which are picreed horizontally to 

‘two screws tipped with sharp and tompered steel points, between which 
thelevers moves with as little fiction as oun. Itone of the extremi= 
ies D of the Javer is soldered the armature of the electro-magn 
‘eo carries one or more steel paints which fit correspondin 
feel cylinder, under which a aheet of paper to receive the transmitted 

















‘keep it within certain narrow limits, just eafficient to secure exactn 
regularity, The paper is in one continaous length, and is wound 
ound & wooden cylinder, from which it is afterwards cut into 


‘The of the instrument is as follows :—Motion is given to 
drom o barrel w (Fig. $25) in the direction of the arrow by a 


ontal arm, st, which is immediately under tho lever ; it is bent 
‘to come inte contact with the wooden friction -wheel © at the point m, 
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friction-wheel ix fixed ander the last screw of the machine, and below the 





Tever, as well ns at its point of janction 
hammer, which, striking a bell below the platform of the apparatus, warns 
the operator when a signal is aboat to be transmitted. 

Now as long ax the bent arm x1 Dis in contact with the frietion-wheel, 
‘he whole machine is at rest; but when by the action of the electro-magnet 
fon the lever the rod A is raised, the weight being no longer restrained, gives 
‘motion to the barrel x,and the apparatus is put in action, but is again 
stopped the instant the bent arm touches the friction-wheel, In this way 
the operator, both near and at a distance, has perfect control over the in~ 
strument, 

‘The apparatus or key for opening and sbutting the circuit is shown in 
Fig, 327. is a brase lever, having at the extremity of the longer arm « 


Fis. 517. . 





utton, ¥, of insulating material, and at tho ther a serew, v, which passes 

the Jever, and the point of which can be adjusted to any degree of 
projection. A steel point, ¢, is attached beneath the longer arm of the lever, 
and two contact pieces of brass, @ and 6, are fixed beneath these points. 
‘A small spring, ry serves to keep the lever in its normal position, v being in 
contact with a, and ¢ separated from 6, The lever is in connection with the 
Tine wire through the falcrum s and the binding screw c; @ is in connection 
‘with the positive pole of the battery through ; and a is in connection with 
‘the instrument through A, When v snd a are in contact, a current coming 
from the distant station passes from v to a and to the earth through the 
fostrument. Whon the button » is depressed, a positive current is trans 
‘mitted on the line to the distant station, and a series of carrents of different 
oration, and at various intervals, can thus be transmitted, producing corre- 

signs on the receptor of the distant instrament, but which do not 
‘pass througlt his own instrument. 


‘The alphabet used with this telegraph was constructed by vari- 
‘ous combinations of lines and dota in the following manner:— 
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gplite'to palives while she maintenance of ether cur 
‘the complete interruption of all current, indifferently pro- 
e intervals. 
\dinary sensitive galvanometer may be made subservient to 
smission of the dot and dash signals. A horizontal needle 
‘aced so that its north pole is directed towards the magnetic 
the earth may have two ivory stops arranged so as to limit 
ments to slight deflections on either side. ‘Then « wire in 
ition of the transmitting conducting wire issuing from the 
vattery being wound about it in the form of a coil, the 
f the galvanometar will be deflected whenever a current is 
ough the wire and coil. If the current which is passed be 
nstantaneous one, the needle will strike the ivory stop for 
ut only. If the current be protracted for a sensible time, 
‘Me will Aug the ivory stud for asensible time. The in- 
ous touch of the needle and the stop may be taken to 
dot,’ ond the prolonged contact to mean ¢ dash,’ and words 
spelt out by the common dot and dash alphabet 
(urprising sensitiveness of this simple arrangement is de~ 
ted hy the following experiments (The Atiantic Telegraph, 
Account, Se, 1857) — 


| polarity and reat. A battery was thea formed of two little plates, 
inc, each about three-tenths of an inch long and two-tenths 


‘This battery was then charged by insinuating a drop of aci- 
rater between the plates; the zinc plate was connected to the earth 
with continuous 


(ltt 
Ae 
ia 
i 
| 


Heese ortte sak cures 2 ths slew, ssstetngs 
(as trananitted through the cable to the galvanometer, clear and 
‘of the needle were almost instantly made; and it was found 
‘deflections could be most readily caused to signal the dot and 
facters. The beat of a seconds pendulum was counted while the 
[issn yen and 5 sppmved tac thie vary went current r- 
lunder three seconds for’ its transmission through the thou- 


| 

into a fresh circuit from a local battery, In the original 

ike Mure ona cnra fc ie 

the signals on the paper, and the currents received at the 

distances were found not of sufficient power to 

| the required effect, Relays are of various forms; for 
co 


Me 
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of embessing the signs on the sibbon of paper by 
: 8 the paper nay be'mtumaed ith a slation 
of potassium, and caused to pase over a benas 

in connection with the postive pole of the local baton, 
b ected with an iron point which is 


‘thus produced by every current which passes, Prustian 

result, in which’ ie ely the signals are printed. 
Bamegpennty i 

Se aises tiecretenk piss 

ssignals, instend of being embossed on the paper 


Pig. 319. 


ter’s ink, ‘The mechanism 
is ia effected is chown in Fig. 329, which representa 
part of the instrament, the remainder being identical 


ch the ede of m is kept constantly #0 
whieh is made very light, and carries at its extremity a small 
‘on which the paper is supported as it is wound off the reel, 
‘of p is x0 regulated by the udjasting-screw o, that the paper 
“blow m without touching it. 
‘current of electricity circulates through the electro-magnet, it 
‘the aniiatare, moves the lever 1, aad raises the ribbon of paper 


ie | 
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‘which reste oa p until it touches the edge of m, whea cither a dot or odgh 
is printed, according to the duration of the carrent. 

‘The amount of work to be done by the electro-magnet in hie serge 
is very small; it bas only to lift an inch or two in length of the ribbes 
paper through the distance of about one-twentieth of an inch, 

‘the current arriving by the line wire from a distant station has sufficiest 
force to work the apparatus, and the relay and local battery can bedispamed 
with. 

Several other forms of receiving instruments were shown at the 
International Exhibition of 1862. A very cheap apparatus, exta- 
sively used in Switzerland and Italy, and which is eaid to work « 
very long timo without requiring to be cleaned or repaired, waa 
exhibited by M. Hipp. All the working parts are protected by a 
glass case, and the paper roll, the adjustment, the stopping and 
starting handle, the guide, &c., are conveniently placed. 

In the usual form of the Moree receiver, the paper must be started 
when a call is heard, and stopped when the message ends. An sp- 
paratus in which these functions are performed by the instrument 
itself, was shown by T. Sortais. Several improvements on the 
original method of supplying the printing ink were also exhibited 
‘Thus, instead of a moistened felt roller, Siemens, Halake, and Co. 
cause the disc to be half immersed in a trough of ink, which iakept 
at constant level by tilting more or less alarge receiver. The dix, 
aa it revolves in the trough, is always equally wet, and the refilling 
of the reservoir need not cause either dirt or delay. E. Tyer sup 
plies the ink to a little nipple on a tube over the paper from& 
reservoir above it, flowing through the tube past the nipple, and 
down into a second reservoir; the paper is marked when presed 
up against this nipple, but the hole in the latter is too small to let 
ink run out except when the paper is pressed against it In 
another arrangement by the same exhibitor, the disc is aupplied 
with ink from a saturated cloth which never leaves the diac, aad 
therefore keeps it alwaya moist. 

(219) The ‘House’ Type-printing Telegraph. —This inst 
ment, which is used to some extent in America, is based upat 
the step-by-step motion, the number of waves sent determining 
the letter to be printed. The type is made to revolve by mess! 
of a treadle, but is checked at each letter by an escapement w 
only allows it to move one letter at atime, This escapement 
moved by the flow of compressed air upon alternate heads of © 
plunger. The passage of air is governed by a valve attached © 
the armature of the axial electro-magnet, each wave of the volts® 
current causing an action of the magnet, and consequently of 
plunger and escapement by the air force. Compressed air is 
to get grenter power on the escapement, as the electric curr? 
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to twenty-cight holes arranged in a circle on the horizontal floor ot 

‘of the instrament, immediately in frout of the keys, Each key is con- 

by a lever with a little steel knob, which, when the key Is pressed 

by the finger, rises up throagh one of the holes. Ifa key marked 

fwith = particular letter be touched, the knob corresponding with this letter 
[rises the revolving arm passes over it, and for the instant closes the cireuit, 
[and allows an electrical impulse tobe transmitted, This impulse, by arrange- 
|ments presently to be described, causes the particular letter to be recorded. 
paper in printer's ink, ‘The instant the arm passes over the 


part of'a minute on the key, the hand would pass again over the 
knob and the letter would be repeated. ‘To prevont thia, the hand carries 
[after the portion of it which rides over the knob and completes the metallic 
[contact which closes the electrical circuit, a little inclined plane, which 
brows the knob out of its position, #0 that the hand cannot pass over it on any. 
future revelation after the first contact. This arrangement is rendered 
‘Becessary 10 prevent the repetition of letters, on account of the extreme 
ity of the revolving arm and recording apparatus. 
|G) The Printing Apparatur—A shaft which revolves seven times faster 
than the typo whee), has & dywhecl upon it to overcome the inertia of 
‘small ahaft which moves the priating press, ‘This shaft is locked to the A 
‘wheel shaft by means of a clutch which rests upon a small inclined plane 
Whenever this cluteh is kept upon the inclined plane, by means of a detent, 
{the flywheel shaft revolves independently of the small printing shaft; but 
‘as soon a3 the detent is moved by the action of the armature of the electro~ 
magnet, the clutch locks both shafts together, and the small shaft is made 
‘oné revolution, when the clutch again rests upon the inclined 
Iifts it off the flywheol shuft, A carn is attached to ons end of 
‘which lifts the press and the paper upon which the message is to 
against the type wheel. ‘The time of the locking of the shafts 
pds upon the arrival of the electrical wave, and thus, with two instra- 
fm perfect harmony, the operator has the printing apparatus of the 
‘Instrument as completely under his direction as the one before him. 
‘tocorrect any minute variation in time between the instruments in 
‘there is a corrector or wheel attached to this shaft with hook-shaped 
‘which mesh into corresponding: cavities in the type wheel. ‘The latter 
Yoose upon the shaft, or only held by friction, is removed backwards or 
une position as the type wheel on 
is being sent. "This correction takos 
act of printing every letter, There is also upon this shaft a 
‘arranged that the moment the armature falls off the electro-magnot 
detent, it forces the detent np and restores the armature ta its 
‘position upon the poles of the magnet. 
inthe instrument is its power of cutting off at will all 
the one to which it is desired to communicate. ‘This is accom- 
‘by lange oa the type wheel—this flange having a space cut out 
letter, and each office baving the flange cut out at different 
ether, a bolt is made to slide through the space, and 
Iuy the action of the instrament. If this bolt is eent through 
moment when the sptee is opposite, it permits the instrument to run, 
ft goes against the flange and locks the type whieel. 
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in ops pgm ath 
vin Original Double Necdle Apporatus—This ia shown 
in Fig. 331. 


‘Two compound bar-magnets a a are fixed parallel to each other, so that 
their poles are in juxta-position, At each end of the magnets are 
ough SOS ae ‘which are connected together 
at the by a soft iron armature ¢; each pair is attached to a separate 
axle and finger-key « ¢', and are perfectly indepenilent of each other, so that 
‘by their motion they can communicate magneto-electric currents to the 

‘two line wires = =. In order to avoid the friction that would ensue on the 


poles of the permanent magnets, the axles upon whieh the coils are fixed are 
40 sijustod as to bring the ends of the soft iron cores to within about one- 
sixteenth part of an inch from the magnets, When the sending part of the 
apparatus is at rest, a spring h keeps the coils so disposed that the centre of 
one is before one pole of the magnet, and che other before the other pole. 
‘This answers a double purpose: the iron cores and armatures of the coils 
act as a keeper to the magoets when the apparatas is not in use, and the 
position at the same time is such that the maximum of inductive effect is 
‘ebtuined upou the motion of the coils, ‘The finger-key attached to the axle, 
‘on being depressed, reverses the position of the éoile in relation to the poles 


direction through the line wire. On the retarn of the 

‘position, the polarity of the cores is ayain reversed, 

induced in the opposite direction to those previously gene» 

‘The operation of the one current is to deflect, and of the other to 

‘to zero, the indicating needle of the apparatus, and of the inatru- 

‘ments at the various stations to which the currents may pass. The motion 

‘of the otber finger-hey leads to similar effects Leing produced in connection 

‘with the other line wire; and the combinations of movements of the two 
indicating needles constitute the alphabet. 

‘The indicating portion of this telegraph consists of a pair of 
small electro-magnetic coils coupled together by an armature; the 
soft iron cores project beyond the coils, and are terminated by 
‘semicircular horns of soft iron, This elongation of the cores was 
Se raat in order to prolong the polarization of the coil, as 

the great intensity of the induced current would not occasion 
during its pussage through the coil a sufficient amount of polarity 
im the iron to move the magnet of the indicating needle unless its 
‘effects were, 40 to spenk, thus temporarily fixed. On the return of 
‘the finger-key to its original position, an amount of residual mag- 
‘netiam ig left in the horns of the indicating coils sullicient to hold 
‘the needle in its position at zero when the instrument is at rest. 


2. Henley's Single Needle Magnetic Telegraph—This 
ia shown in Fig. 332. 


Ads a permanent magnet; x and s its north and south poles; w j 
tion of a hollow brass eylinder or wheel, on the surface off which 


by 
the stop D, against which two projections p pi, padded with 
strike.» being heavier than 1, 7/ buts against when the. 
its normal state. x 14 an electro-maznet, its poles being 
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agthred through the line wire to the distant statiou, affects both: 
‘at the sume moment, 

In this instrument the needle is always acted upon by alternating reverse 

‘currents of momentary duration, and therefore it 18 necessary to temper t 
Poles of the electro-magnet of the receptor slig! 
‘Fetain some of the magnetism communicated to them by the momentary 
‘currents of induced electricity, and so hold the needle over to the side to 
‘which it may haye been deflected, until the reverse current, destroying the 
‘residual magnetism, imparts magnetism of the opposite kind, The deflec- 
fon to the left is taken as the zero correspouding with the normal position 
‘of the lever n 1 and the deflections to the right are given different durations 
‘to signify the dote and dashes of the Morse alphabet. 

‘The form of the armature of the clectro-magnet in the receptors of these 
Instraments is shown in Fig. 333. ‘The neodle is attracted by two of the 
extremities of the horns, and repelled by the other two. When the current 
nm the electro-margnet is reversed, the attractions 
and repulsions take place in opposite directions. 

In order to reduce the resistance in the circuit, 
the coils of the large electro-magnet are excluded 
‘when the instrument is in the position for re- 
ceiving, by the cowlact between the spud 1 and 


Sereeiont wha the coll of the slectre-maguet of 
the receptor. 
Bright's Magnetic Telegraph. — This 
‘was devised with a view of ob- 
‘Yiating the effects of the recoil currents which 
always occur in the working of underground wires, interfering 
rially with the working of telegraphic apparatus. The 
nature of the interference will be at onco understood when it is 
mentioned that with a letter-printing telegraph the surplus current 
has @ tendency to carry the machinery on further, and to make 
‘other letters than those intended. With the chemical and other 
recording telegraphs, the surplus flow of electricity will continue 
nearly a minute, entirely confounding the marks, and representing 
one letter with the next; and with the needle telegraphs a beat 
more is made by the back current than intended, with every letter 
formed. On this account, and owing to the decay of both gutta 
‘percha and india rubber with which the wires must be covered, 
‘wires are now used as little as possible. The Mag- 
Company have, however, adopted the system to a 
considerable extent. 
‘The plan adopted by Messrs, Bright was to disconnect the ine 
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required signals, When, however, the handle is depressed, the 
‘metallic cam or stud attached to the axle presses the spring away 


Fig. 334 





from the bearing g, and the current of magneto-electricity produced 
in the induetion coils by their change in position as regards the 
pole of the permanent magnet passes direct to the line wire. This 
current deflects the needles of other stations from zero, Directly 
the downward motion of the handle is arrested, and during its 
‘etumn to ita original position, » current in the apposite direction is 
Gndueed, and flows through the line wire, bringing the indicating 
needle of the other stations back to zero, but not affecting its own 
indicating apparatus, owing to the connection between the spring 
und the bearing being still incomplete. ‘The moment the spring 
i again in contact with the bridge piece, on the cam setting it at 
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that the index points toon the dial of the receptor without 
“wily current passing. On pressing the button down, a short circuit 
ix between the two outer terminals connected with the 
Tine and enrth-wires, eo that the handle p on the large dial and 
the index of the receiving dial will be moved simultaneously round 
‘Yo zer0, without allecting the distant instrament. 
(224) Froment's French Alphabetic Telegraph. —Thi« 
‘Glogant apparatus is chown in Fig. 338. There are twenty-eight 





kkoys—twenty-six representing letters, one a cross, nnd the other an 
arrow. By pressing down any key, its corresponding letter is shown. 
‘on the dial, and at the came time on the dial of a similar apparatus 
at the distant station. Supposing, for example, the apparatus 
figured in the text to be at Paris, the current from the battery 
enters the apparatus at b and loaves it at 0/; it proceeds thence to 
the distant station (say Rouen), where it traverses and works 
yrecisely similar apparatus, 


woe 
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twedl overy time it passes over @ tooth, and at the eame tine the 
is thrown off and on, Suppose the pointer r is 
four oy tag tech med between W and x will be 
‘times made and four times broken, and the armature of the 
bctro-magnet at the distant station will be four times attracted 
td fourtimes pulled back by its spring; but these four attractions 
il give four movements to the wheel a, and the pointer will 
las aver the same number of letters in the dial of the receiver, 
ig 34 n that of the manipulator, Fg. 33 339. At the top of 
(ecase of the instrument is the alarum, which is worked by a 
electro-magnet, 


now to Fig. 38, a series of twenty-eight ivory keys is 
a RE acre the first being marked with a cross, 
last with an arrow, and the intermediate twenty-six with the 
| ae first ten letters carrying also the ten 
(merals. Immediately in front of the keys, on a horizontal plat~ 
fm of mahogany, is the dial », and two small metal pieces, mn, 
fiech are moveable, and which by means of a handle may be 
ought into contact, m with « or r, and » with gor p, The dial » 
the verifier; its index must always point to the sume letter ax 
at last signalled ; if it does not, it chows that the apparatus is 
(tim proper working order. When m is in contact with s, the 
‘is in a condition to send signals from Paris to Rouen; 
in contact with r, it isin a condition to receive a signal from 
penne ey aes Yes 8 a aie pe 
trum may be sounded at Rouen; when in contact with p, the 
techinery is in a state to receive a notice from Rouen. 
(225) Wheatstone's Universal Dial Telegraph.—This instru- 
‘which is extensively used in the metropolis and cleewhere, 


ith for id private establishments, consists of two distinct 
‘the *commibuicator,’ for sending the message, and the 
for receiving the same. 

Phe communicator (Fig. 342) consists of a small box, upon the upper 
fice of which is fixed dial, having its circumference divided into thirty 
at Pare ey tsetse te psec thats 
‘of punctuation, and a +, with an inner circle marked with the nine 
imc +4 this seriew being repeated twice. A hsnd or pointer in the 
tre of the dial is made to rotate by mechanism, and points severally, at 
Ewill of the operator, to the letters or figures required to be indicated. 
the circumference of this lettered disc are thirty small keys or but- 

hich can be depromed by the finger, one fo each eter orsign, 
its Interior construction, the box contaius a permanent horseshoe mag- 
“anil coil apparatus for producing the necessary magnetic currents, an 
handle, ux revolution by the hand, or other means, eauses an axis 
instrument to revolve. Attached to this axis are two equal arma, to 
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that for every separate current induced in the coils, the 
shall move one space or letter on the dial. ‘The keys there~ 
depressed in succession, will each liberate one current, 
currents, during dn entire revolution of the hand 
‘dial—fiftecn in one direction and fifteen in tho opposite 


For every current tranamitted (these currents being in suecession 
in different directions), the hand of the communicator, and those 
of the indicators at the near and distant stations, will simul- 
taneously advance, step by step, until the letter opposite the de- 

key is reached by the pointer. ‘Tho instant this letter ix 


‘passes into the earth until another key is depressed and the cirouit 
is again opened, and so on in succession until any uumber of 1e= 
signals or letters have been registered. 
The indicator (Fig. 345), externally in appearance something 
Tike a watch, is placed on a small stand in any convenient position 
‘the dial. The 


forward motion to the axis carrying the magnetic 
Fixed to the end of this axis is a short vertical arm, carry~ 
‘ing a small eacapement-wheel of fifteen teeth, the axis of which 
‘the pointer on the dial, and to which a step-by-step motion 
by the rotation of tho eseapement-wheel working to- 

‘against fixed stops or pins. 


a 
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| by depresting the Gnger-key opposite the full-stop (.); and the key 

tha + immediately afterwards. If the index of both communicator 
md indicator correspond, the connections will be right; but should the 
‘Band of the * indicator * be either in advance or behind the + ons space, the 
‘Sounecting wires must be reversed, a being joined up to f, ani d toe; theit 
‘struments will now be found to correspond in the revel 
‘round the dials. 











The instruments being in working order, the line wire is connected 
to the instraments by removing une of the short wires at each station, and 
substituting the line-wire and earth-wire, as shown at ae and bf, Fig. 345. 
“The same signal of passing the pointer from + to +, is now to be sent from 
‘station to station; and if the index at the other station falls either one in 
‘advance or behind the position of the line and earth, wires at one station only 
vast be reversed. ‘ 

3 When more than two stations require to be connected up in the same 
irenit, the above rules are to be observed with reference to the signals from: 

+ to + at each successive station, the connection nppearing thus (Fig, 546); 

















re in the same cirenit, it will often be found 
‘convenient to introduce the eurrent-changer, enabling the operator to seri 
sop and down the line in gither direction, without interrupting the communi 
‘eation of those stations sRuated in un opposite direction to that in which he 
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Jespmaking. The manner of cénmection will be sem by rtrore te Pe 

347. This arrangement will enable several stations to communicate with 

each other at the same time— 

a—b—e—4——e—s——g—h 

For instance, while a is speaking to 5, ¢ can talk to d, ¢ with'f, sal eon. 

‘This system requires that each station bas its own signal or prefix for calling 
and that when no station is called, elther ny or down the lien the 

handle of the current-changer remains oa the dhrowgh circuit, as shown ia 





The Universe Telegraph being intended for the ute of pide 
individuals, a large number of conductors are required ; and the 
method by which these have been provided by Wheatstoue it 
cheap, novel, and entirely succeseful. 

The following is » general outline of the system :— 

In place of the thick iron conducting-wire in ordinary use, fine copper 


Fig. 34% 
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wire (No. 23 gunge) is employed, carofully insulated over it 
‘with « thin coating of india-rubber, and further protected from abrasion by 


3 covering of tarred tape, thus per- 
insulated from one another. 


into ropes of about two bun- 
dred and thirty yards in length, eon- 
twining twenty, thirty, fifty, or one 
hundred wires, aceonling to the re- 
quirements of the district through 
‘which they are intended to pass. 

In connecting together all parts of 
the town, a system of triangulation is 
adepted, the town being hereby di- 
‘vided into a series of triangles us 
nearly equilateral as possible, with 
sides about a mile iu Jength. At ench 
mile or intersection of the triangles, 
draw-posts filled with connecting 
boxes are placed, for the purpose of 
receiving the several cables A, y € Dy 
4 F, coming in from different lines, as 
represented in Fig. 348, which shows 
the head or straining apparatus of one 
‘of these posts. 

‘The ends of these eables are earried 
sown the post into the connecting box, 
‘whicl consists of a cast-iron frame and 
Jid about three fest long by two feet 
Weond, and four inches in depth ; the 
interior of which is Glled with insulut- 
ing slips of ebonite, a, 2, c v, ¥, % 
Fig. 349 corresponding in number to 
that of (he eables coming into the box. 
Each ebonite slip i also furnished with 
4 series of small screw terminals, num- 
bered consecutively 1, 2, 3, 4 5, 8c 
to motive the several insulated wires 
of the rope which it represents. ‘These 
‘wires are severally attached to the 
screws of each slip, and by means of 
‘cross connections ean therefore be com- 
bimed together in any desired dirce- 
tion ; and aa each wire receivesthe sume 
numerical value at each connecting, 
tation throughout the whole line, great 
facility is given for reference in cases 
of accident, alteration, or connection, 

‘To prevent any injury arising to 
finauluted cable from stretching, it 





i 











i 


Fig. 149 
a 





pended by light hooks, u (Fig. 350), 
from two atroog sttanded iron wire placed parallel atu distance of twelve 
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inches, and which pass from post to post, fixed at intervals of shost twe 
hundred yarde on the roofs of the houses. These posts (Fig. 351) areeech 


Fig. 35% 








fitted with a straining apparatus, every 
separate length of wire being strained 
dependent of the other; so that in case of 
fracture of one of the suspending wires, 
by contraction during frost or other cause, 
the cable remains supported uninjured by 
the other wire, 

The insulated cable being suspendel 
from uncovered iron wires in immediate 
contact with the iron supporting posts, 
which themselves are in connection with 
the leads and piping of the houses upon 
which they stand, lightning cannot pass 
through the insulated wire to the home 
in which it is introduced, and no injury 
can happen to the instrument from 
similar cause: the network of the sup- 
porting wires will, in point of fact, act a2 
an extended system of lightning-coo- 
ductors, and insure the safety of the houses 
over which they pass, 

At each of the supporting posta the ends 
of the cable are brought down to small 
testing-boxes, and the several wires se- 
Parated and passed through little canals 
of ebonite (Fig. 352), numbered com 
secutively to correspond with those of the 
terminal screws in the corresponding alige 
of the connecting boxes at the draw-pests, 
By these means a communication with the 
wires can be opened at any point along 
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‘The Tine, and private wires curried down from the nearest post to the house 
or premires required to be placed in communication, If any accident 
happens to any particulyr wire, it can be discovered where the fault lies 
Vy esting from post to post. 

(226) Automatic System for the Transmission of Tele- 
ssraphic Messages.—An admirable instrument for this purpose 
has been invented by Professor Wheatstone. It is thus described 
by him (Comptes Rendus of the Paris Academy of Sciences; and 
Jurors’ Report, International Exhibition of 1862):— 

“Long strips of paper are perforated by « machine, constructed for th 

yarpose, with npertures grouped to represent the letters of the alphabet and 
‘other signs. A strip thus prepared is placed in an instrament astociated 
‘with « source of electric power, which on being set in motion moves it along, 
and causes if to act on two pitis, In such x manner that when one of them is 
slevated, the current is transmitted to the telegraphic circuit in one direction, 
and when the other is elevated it is transmitted in the reverse direction. 
‘The elevations and depressions of these pins are governed by the apertures 
and intervening intervals, These currents, following each other indifferently 
in these two opposite directions, aet upon a writing instrument at a distant 
‘station, in such a manner as to produce corresponding marks on a slip of 
paper moved by appropriate mechanism, 

* The first apparatus is a perforator (Fig. 353), an instrament for piercing 





Pig. 353- 





‘the slips of paper with tho apertures in the order required to form the 
mesiage. The slip of paper passes through a guiding groove, at the bottom 
of which an opening is made sufficiently large to admit of the to-and-fro 
motion of the upper end of a frame containing three punches, the extremities 
‘of which are in the sams transverse line. Each of these punches, tle middle 
‘one of which is smaller than the two extemal ones, may be separately 
levated by the pressure of a finger-key, 

“By the pressure of either finger-key simultaneously with the elevation of 
its corresponding panch, in order to perforate the paper, two different move~ 
ments are successively produced : firat, the raising of a slip which holds the 
paper in ite postion; and secondly, the advancing motion of the 

ie pabe Ma the three punches, by which the punch which is raised 
vearries the slip of paper forward the proper distance, During the reaction of 


—— 
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the key consequent on the removal of the pressure, the clip first fastens the 
back to its normal position. ‘The two ex- 





together represeti: letters and other characters, and the middle pusch 
ruake holes which mark the intervals botwoon the latiars, ‘Thu pardacllas 
in the alip of paper appear thus (Fig. 354).” 


Pig. 354 





we a ris 
058,68 308, 
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A very simple addition to the perforator enablen a printed 
message which has been received to be retransmitted to a mort 
distant station, without any translation or lmowledge of the mean- 
ing of the message. The printed band which has been received is 
made to pass between two rollers, one of which is moveable bys 
finger-screw, 60 a8 to cause the characters to pass successively 
before the eyes of the operator. The keys of the perforator ar® 
acted upon with the right hand, and the finger-screw with the 
left; as the characters euccessively appear, the keys are promed 
down in the order of the points of which the letters consist, 
operation which requires scarcely any skill to perform. 

There neod be no change in the alphabet which is at preseat « 
comployed ; the points at one side may represent the short dashes, 
and those at the other side the long dashes, their order remaining 
the same aa in the exi 





{The sacond apparatus la the tranmltier (Fig. $55)1 the eject of wilde 
is to receive the slips of paper prepared by the perforster, and to transmit 
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| the currents produced by the rheomotor, in the order end direction corre- 
‘ponding to the holes perforated in (he slip. ‘This it effects by mechanism 
‘somewhat similar to that by which the perforator performs its functions. 
“An eccentric produces and regulates the occurrence of three distinct 
‘Movements:—1. The to-and-fro motion of a small frame, which con- 
Amina @ groove fitted to receive the nlip of paper, and to carry it forward by 
its advancing motion; 2. The elevation and depression of a spring-elip, whieh 
holds the slip of paper firmly during the receding motion, bat allows it to 
move freely during the advancing moti ‘The simultaneous elevation of 
three wires placed parallel toeach other, resting of their ends over the 
‘axis of the eecentrie, and their free ends entering corresponding holes in the 
Krooved frame, ‘These three wires are not fixed to the axis of the eccentric, bat 
each end of them rests against it by the upward pressure of a spring ; #0 that 
when a Tight pressure is exerted on the free ends of either of them, it is 
capable of being separately depressed. When the slip of paper is not inserted, 
the eocentric is in action ; a pin attached to each of the external wires toucher, 
during the advancing and reeeding motions of the'frame, a different spring, 
and an arrangement is adopted, by means of insulation and contacts properly 
applied, by which, while one of the wires is elevated, the other remains 
depressed; the current passes from the rheomotor to the telegraphic cirewit 
in one direction, and passes in the other direction when the wire before ele~ 
‘vated ix depressed, and vice vered; but while both wires are simultancously 
levated or depressed, the passing of the current is interrupted, When the 
prepared slip of paper is inserted in the groove, and moved forward when- 
‘ever the end of one of the wires enters an aperture in its corresponding row, 
the current passes in one direction ; and whe 
enters an aperture of the other 
this means the currents are made to succeed each other automatically in their 
proper order and direction, to give the requisite variety of signals. The 
middle wire only acts as a yuide during the operation of the current. 
*The wheel which drives the eccentric may be moved by the hand, or by 
the application of any motive power. Where the movement of the trans- 


Pig. 336. 




















milter is effected iy machinery, any number may be attended ta by one oF 
‘two assistants, This transmitter requires only a single telegraphic wire, 
i Iie! third: epperstun i the recording er printing apparatus (Fig. 356), 
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‘which prints or impresses legible marks on a strip of paper, corresponding ia 
‘their arrangement with the apertures in the perforated paper. ‘The peas er 
atyles are elevated or depressed by their connection with the moving parts 
of the electro-magnets. The pens are entirely independent of eech other ia 
their action, and are so arranged that when the current passes through the 
coils of the electro-magnet in one direction, one of the pens is depressed, and 
when it passes in the contrary direction the other is clepressed; when tht 
currents cease, light springs restore the pens to their elevated points’ 

‘The mode of supplying the pens with ink is the following :— 

A reservoir about an eighth of an inch deep, and of any convenient length 
and breadth, is made in a yiece of metal, the interior of which may be git, . 
in order to avoid the corrosive action of the inky at the bottom of this 
reservoir are two holes, sufficiently small to prevent by capillary attraction 
the ink from flowing through them; the ends of the pens are placed imme- 
diately above these small apertures, which they enter, when the electro 
magnets act upon them,‘carrying with them a sufficient charge of ink to make 
seg mark on a ribbon of paper passing beneath them, ‘The metin ofthe 
bon Is produced and regulated by apparatus similar to thooe em 
Played i in other register and printing telegraphs, 


‘The advantages of the automatic over the voluntary aystem are 



























operator could compete in rapidity with that obtained by the 
automatic process, which is only limited by the rapidity with 
which the recurring motions of the transmitter can be effected. 
Moreover, as the prepared messages may be transmitted with equal 
rapidity in whatever language the cypher may be, and as the per- 
forated bands may be prepared at leisure, guarantees of accuracy 
are obtained which cannot be afforded by the system of immediate 
voluntary transmission. These advantages would be greatly im 
creased if the messages could be prepared by the corre 
themselves, which they could easily be, if they would take the 
trouble of learning a telegraphic alphabet. Thus a merchants 
clerk might prepare the messages of the firm in the punched papet 
required for Wheatstone’s transmitter: this prepared paper, oa 
delivery at the telegraph office, would simply have to be pamed 
through the machine when its turn arrived, and the corresponding 
dotted tape received at the distant station could at once be 
addressed and be delivered, to be deciphered by the receiver at his 
leisure. 
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(427) The Submarine Cable.—r. Shallow Water Cables.—In 
3840 Professor Wheatstone suggested to the Select Committee of the 
| House of Commons on Railways, 


Detween Dover and gle 


on Submarine Telegraphs). 
‘This line, a section of which is 
in Hie. 357; consisted of 


pope ‘conducting wires, No. Dover and Calats. 
| awd. thes inch diameter), 


ha, twisted together with a tarred 
Ta eovecas covering, phe into a rope, which was again served with 
tarred. and protected with iron wires of No. + guage. This 
table, weighed about 6 tons to the statute mile, was worked, 
“With occasional injuries from anchors, till the spring of 1859, when 
extensive ‘were undertaken, in the course of which it was 
found that gutta-percha covering of the copper wires was in as 
Jfood order as when first lnid—so complete had been the pro- 
\ afforded by the tarred hemp and the immersion in water. 
Tn 1853 « cable with six conducting wires, insulated by a double 


iirttcpeet; wee nid batwsen Dover. snd Orta, 
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shown in section in Fig. 358, very similar to the Dover and Calas 
cable, and weighing 7 tons per mile. Shortly after a cable, 25 
miles long, was laid from Donaghadee in Ireland to Portpatrickia 
Scotland, across the Irish Channel: its weight was the ame a 
that of the Dover aud Calais cable (Fig. 359). The Mediterraneas 


Pig. 559 












Dover and Ustend, Donaghadee and Port Patrick. 
cable, which is of the same size and construction ns the latter, wis 
Inid in 1854, from Spezzin to Corsica, n distance of 210 miles. Ia 
1858 a line was laid between England and Hanover, 280 miles ia 
Tength, containing two copper strands, and weighing 3 tons per 
mile. ‘Two other cables were Inid ia 
Fig. 160. 1859—one avery heavy one, between 
Folkestrne end Boulogne, weighing 
9} tons per mile, containing six ex 
ducting strands of copper wire, int 
sulated with gutta-percha and Chat 
terton’s compound, the principal 
ingredient of which is gutta-percht, 
with sufficient wood-tar and resia 
to give it the proper consistency; 
it is applied by passing the wit 
: through a vessel containing it, fitted 
England and Denmark. with proper guages, immediately be 
fore the that puts on the gutte 
percha; as the mixture becomes cold it hardens. The ofbet 
cable was laid between England and Denmark: it is 350 mile 
long, weighs 4 tons per mile, and contains three conducting atessl 
(Fig. 360). 
Th the Sst four lines laid down by the International Telegmy 
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The cable laid between Singapore and Batavia for the Dute 
government, which weighed a: cwt. per mile, is similar in constru 
tion to the Red Sea cable, which had been devised for a deep-0 
ine; in these cables the interstices between the wires are le 
vacant. The Tasmanian cable, manufactured by Mr. Henley, a 
laid across Bass’s Straits in 1859, in three sections, weighed tu 
tons per mile; one section failed, and bad to be replaced by 
stronger cable. 

The above are shallow water cables, 

The following table (Report of the Committee on Submeri 
Tolegraphs) shows that up to April 1861, 3,192 miles of such lim 
had been laid, the whole of which are not, however, now worl 








| o Owner of Line 





» Black Sea, VarnatoConstantinople| 72 | Ottoman Government. 
Black Sea, Varna to Balaklava .| 356 | British Government. 

! Corsica and Sardinia. =. «| “11 | French Government. 

‘Dacca, Pegu. «5 > -] 116 | Indian Government. 

a pers esd Otebtes Ate fo | { Submarine Telegraph Com 


Dover and Calais (Grimmer). .| 25 mad F 


| Folkestone and Boulogne 24 a 
280 » ” 


| Bngland'and Hanover. 2] 
; England to Hata Sato Hat Electrio and International 

i 

i 





England and Denmark - 
‘and Schevening (four lines) ‘Telegraph Company. 
England to Holland, Mismeer to’ . mows niet 


: 
2 


Zandvoort. we 
Holyhead to Howth (1854) >! 73. 
















Holyhead to Howth (1894). - 4 - 
At Castle to Tle of Wight ‘| 3 | im > 
Holybeed ore ; : i mast nace 
folyhead and Howth (1852) <| 73 | R.& S. Newall & Company. 
Portpatrick and Donaghadee ./ a5 |{ Mjiniand Trish Magnet 
Portpatr eee) s ‘ 
Portpatrick and Whitehead (1852)| 15 . 4 
Liverpool to Holyhead. <| 2g _| Liverpool Dock Commitian 
Spanish Government. 





Majorea to Minora. >) 33.'|'S 
Denmark across the Belt; 38 | Danish Government, 
I 





Denmark Great Belt. 28 » . 
Sweden to Denmark > | 13 4 ” 
Sweden toGottlmd > 2 ¢ 


Carried forward 2. 
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raph Company. This company obtained an Act of Incorporation 

1854. and in 1g56 another company wus formed, which entered 

an arrangement with the former by which the privilege of 

ing a submarine line between Europe and the coast of New 

foundland and Labrador was transferred to them: this was the 
ntie Telegraph Company. ‘ 

‘xperiments upon formus of cable best miited for the purpoe. 

were made at Me-sna, Glass and Elliot's works, The form selected. 

a section of which ix shown in Fig. 353. was calculated to beat 

three tone. It consisted of a strand of seret 

Fes. copper wires, each No. 224 puage, weighing 

93 pounds per mile, covered with three cows 

nf gutta-percha, weighing 227 pounds per mil, 

served with threads of jute yarn, stunted 

with a comprsition of tar and other materiale, 

and coated with 18 strands of ion wiry, etch 

strand containing seven wires each of No.s 

guage. The m ure of this cable we 

commenced in 1857, and the entire 

miles) was finished in duly in the same year, The 

Yeon very hot, and the 

\ considerate variation inthe conductivity 

erved daring the pricess of testin 

on the 

fully paid cut 

fter abet 
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anf Inte Te'egraph Company was formed it 
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In 1854 0 submarine cable with six conducting wires was lid 
from Spezzia to Corsica, and in the following year, after tro 
‘unsueceseful attempts by Mr. Brett, Mr. Newall laid a cable with 


four conducting wires, and weighing 3 tons per mile, between 


Cape Spartivento and Bona, in Algeria, s distance of 125 mile. 


This has since 
365 and 366, 


failed. Sections of this cable are shown in Fig. 


Pig. 366. 


* * 


Cape Spartivento and Boma. Cape Spartivento and Beas. 
Deep sea. ‘shore end. 


In 1857 the Mediterranean Extension Company Inid lines from 
Cagliari to Malta, and from Malta to Corfu. The line consisted 


of a strand of 


copper wires forming one conductor, covered with 


gutta-percha, and protected by a serving of tarred yarn covered 


with iron wires. The cable weighed 18 cwt. per mil 


The line 





from Cagliari to Malta worked well for twelve months, when a faalt 


occurred ; this 


fault was repaired, and the line worked again for 


several weeks, when it again failed, and has not since been re 
stored. The line between Malta and Corfu is laid in depths ex- 
tending to neatly 2,000 fathoms, it remained in good working 


order for about 
down. 


year and three-quarters, and then suddenly broke 


Lines between the Dardanelles, Syra, Candia, and Athens, have 





ection of Toaton 
‘and Algiers cable, 


been laid by Mr. Newall; between Spain, Mae 
jorca, and Miuorea, by the Spanish Gover 
ment, manufactured by Mr. Henley. The line 
between Toulon and Algiers was meaufsc 
tured by Mesera, Glass and Elliot. Tt consists 
of a strand of copper wire, weighing 400 Tbe, 
per mile, covered with four conts of gutter 
percha, alternated with four coats of Chat 
terton’s compound, also weighing 400 Ibe 
per mile, served with tarred rope, and pro 
tected by steel wires, covered with heap 


to prevent their corrosion. The diameter of the complete cable 
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core of the Malta-Alexandria cable (Figs. 568, 
370), consiats of a strand of 7 copper wires, weighing 
per nautical mile, covered with three coatings of gutta= 
niternated with three coatings of Chatterton's compound, 


TH 
ti 
? 


} 





also weighing 400 Ibs. per nau- 
tical inl, This toe & served Te. 
with hemp, saturated with tar, he 
and covered with 18 No. 11 iron 
Fig. $68. 
Malta Alexandria, Molta-Atexandrin 
‘Deep ses. how em 


wires, for the deep-water portion, the shore end being covered 
No. o iron wires, ‘The line, as originally devised, was to 
Ibeen nid for 300 miles in depths of from 1,509 to 2,500 


When 
line Fig, 370. 
the 





AMalte-Alexandria Cable. Longitadinal view, 


‘water was tured in, Tho resistance and insulation of each mile 
of the cable were noted, and a careful system of comparative tests 








‘The Conductor of the Atlantic cable of 1865 was formed of 























‘with orf per cent. of sulphur 
‘Copper with -13 per cent, of phosphorus « 
” 5 . ” . 


Tin— 
Copper with 133 per cent, of tin 
et los 
° > 

‘Copper with 1°22 per cent, of silver 
"8 eae 


(Copper with 3°5_ per ent. of gold 
t 5 
A 


Copper with 10 per cent. of alumiaam 





Te appears from this table thet Rio Tinto 
better conducting than iron, Of the: 








conducting power he 
¢ case aa much a 28 per cent, There is Ao 
when aikled to copper, increases its conducting, 


al aa Spratley etedearpereteane pie 
i Ee Dahly Spore tae the boxe nat pase 
Bare submarine cables, An increaso of 10 per cent, 
‘conductivity of the metallic core of a cable is equivalent to 
‘increase of ro per cent. in the number of messages that may be 
oes baa a eels The conductor of a cable 
usally a single solid wire, but a strand of several wires 
three to seven), This entirely removes the eerious defect to 
a solid wire would be liable, that, namely, of breaking after 
“ed ‘times; and as conduction takes place through 
‘mass, and not along the surface, a strand and a solid wire of 
Beebe po eontncion, ‘The joints of the con= 
‘are made by soldering together two filed’ and fitted ends; 
Pee cath ee 


me 


the sea, chemical action is eet up, and soluble chlo- 
is formed; the metal is thus gradually exten away, 
ted. ‘The carrent from the nega- 
battery tends to the formation at the fault, of the 
causes a greater leakage by enlarging the hole 
‘Mr. Varley hus proposed to muintain the 
‘by twisting up a fine platinum wire with the 

long cables. 


eable, it stretched some 10 per cent., but when subse- 
the copper conductor appeared quite undisturbed 
‘the cevtrs of the gutta-percha, which exhibited no traces of 
(Fleming Jenkin), 
conducting 
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length, and inversely proportional to the section of the wire. In 
the following table, Dr. Matthiessen has given the specific resist- 





















ance in B A units (114) of metals and alloys at o° centigrade 
aie 

Name of etade [sfe 

Hid 

ogee 
Silver annealed. . . . 
» harddrawn. . , 
Copporannealed # 


= hard drawn’ 
Gold annealed. . 
» kasd drawn 
Aluminun annealed 
ine pressed . 





Platinom annealed i 
Tronannesled <> | 22fa5 
Nickel annealed. > > 7] yo785 
Tin prewed . 2 2 > V3i7 
| Ihead preseed. 2 2 2! 3336 
Antimony pressed» 
Misiwuth pressed 


Mercury liquid . 
Platinam 





CT ener 
Gold Eitves, Alles away ! 
pave, Seid, one part | asox | 1668 | 6620 01399 | cobs 

nealed J | j 


1 
‘The following is an example of the use of this table. Lot itbe 
required to know the resistance at 0° of a conductor of pare 
hhard copper, weighing 400 Ibe. per knot. This is equivalodt & 
460 grains per foot. The resistance of a wire ‘Weighing one grain 
Per foot is shown by the table to be o-aro6, therefore the resist- 


ance of a foot of wire weighing 460 grains will be 2106 but the 
resistance of one knot will be 6,087 times that of one foot, hence the 
Tesistance required will be Str 29106 ayy units, If the 
diameter of the wiro be given instead of its weight per knot, the 
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end to end, as is likewise the Isle of Man cable (Fig. 379), which 
ie composed of a single conducting wire. To ineure permanency, 
cables in shallow seas are now laid weighing as much as ten ton 

per mile, with shore ends weighing 
nearly 20 tons, to resist anchors It 
hes been proposed by Siemens to 
apply a covering of hemp outzide the 
iron wire, and to wrap this round 
with zinc armour, 

To avoid the occurrence of a per 
manent twist in uncoiling a cabl, 
it should be taken out of the tank 
or off the drum in the same mannet 
as it is put in or on; the opposite 
course will always put a permanest 
twist into a cable, and this twist 
concentrated at one point produces 8 

ink, or tight-drawn loop. 

A cable covered with good iron should bear # strain equal to 
two tons per pound of iron wire per fathom. Thus a cable with 
3.750 Ibs. of iron per knot, or 3°75 Ibs. per fathom in the sheathing, 
should bear 7} tous (F. Jenkin). 

(233) Points in Ohm's Theory in Relation to Telegraphit 
Ctrenits,—The following are the principal points 




















1, That the quantity of electricity which passes in a given time is dit 
‘al to the difference of tension at the two ends of the wire. 





wire, that square 

4 That the quantity is directly proportional to the 
the to its apecific resistance; thus the 
‘great as that of iron or steel, and 
consequently a copper wire of a given size will conduct five or six times at 
much electric’ 

5. The tension of a wire is highest at the positive pole, and lowest at the 
negative, and falls unifornily throughout the whole length. 












Although according to Ohm's Jaw the quantity of electricity 
conveyed by a wire varies directly as the battery power, or as the 
difference of tension of the current at the two ends of the wire, 
this only holds good when the plates are sufficiently large to suffer 
no sensible diminution of their tension from the abstraction of the 
current by the conducting wire, a condition seldom or never 
practically obtained. With plates 4x3 in,, and a tension of 300 
cells, an addition to the circuit of 2,000 miles of ordinary No. § 
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conting. There is, however, this material difference between the 
two cases: though both are discharged in @ time inappreciably 
minute to the senses, the discharge from the wire occupies a com- 
paratively much longer interval than that from the costings of the 
jar. ‘This discharge current affects in a very serious manner the 
speed with which signals can be transmitted through the wire. 
This peculiar character of insulated and buried or submerged 
wires was not suspected when underground telegraph wires were 
first employed, for in the usual practice @ voltaic current does 
not communicate a statically intense charge of electricity to & 
Leyden jar. It was first made evident by the extraordinary re- 
tardation which the electrical current experienced when it had to 
pass through subterranean or submarine channels in the coune 
of its journey. In the early experiments made to determine 
the velocity of electricity through metallic wires hundreds ot 
thousands of miles appeared to be traversed in a second, wheres 
in similar experiments made on the underground lines running 
between London, Manchester, and Glasgow, it seemed that scarcely 
thousands of miles were passed in the same period. Indeed, accond- 
ing to Edward Bright (British Association Report, 1854), the 
velocity of currents in ordinary use for telegraphic’ purposes ia 
submarine conductors does not exceed 1,0co miles per second. 
(235) The Retardation of Signais.—The effects of inductiva, 
as they had been observed by him in the subterranean lines of 
Prussia, were described by M. Wemer Siemens in 1850. Thee 
cflects were the reception of charge and its retention after the 
ceasation of contact with the battery. The retardation of the 
current was first witnessed by Latimer Clark on the 20th March, 
1852. It is this retardation which forme the great difliculty in 
modern telegrap] 

















“There is no phenomenon in electricity,’ observes Clark (Report of Seb 
murine Telegraph Committee), ‘that has & more important bearing on tht 
electric telegraph than that of induction, and none which interferes mort 
with the cominercial success of telegraphic enterprise. If it were not ft 
this evil presenting itself in the form known ag retardation of the curr 
any telegraph cable, however long, could be worked at almost any sels 
and although much may be done to reduce its effects, there is at present 50 
knowa method of avoiding them altogether.” 












On the occasion on which the phenomenon of retardation was 
first observed, au attempt was made to work an electro-magnét 
and a Bain's printing apparatus through 100 miles of wire im- 
mersed in a canal, and 175 miles of wiro stored up dry in a mast 
factory. In so doing it was found that there was no dif is 
working even with a very small battery power through the whole 
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site direction when the wire is connected with the earth by its 
nearer end. These phenomena were first assigned to their true 
cause by Faraday (29, Ex. 10, p. 53). 

By means of the arrangement shown in Fig. 380, the discharge 
from a yard of insulated cable may be made evident on a galvano- 
meter if charged by a large voltaic battery, eay roo Daniell cells 
(Fleming Jenkin). is « common Morse key by which the con- 

ductor of the cable, A 8, 
: can be placed in com 
nection with the bat- 
tery zc, by a contact 
at p, and then removed 
from the battery and 
immediately connected 
at c with one terminal 
of the galvanometer, the 
other terminel of which 
is in connection with 
the earth at z The 
contact at p charges the 
cable, and that at edie 
charges it through the 
galvanometer. As the 
quantity of electricity which goes into the cable must be equal to 
that which leaves it, if the galvanometer a were placed between 
and p, it would be affected to the same extent by the entrance of 
the charge aa by its exit at c. 

‘The following experiments were made in October 1853, by 
Mr. Latimer Clark, in the presence of Professors Faraday and Ai 


3. One hundred miles of gutta-percha wire were immersed in a canal, the 
distant end of the wire being permanently disconnected with the earth 
‘The near end was also disconnected, but had a galvanometer attached, which 
indicated any current which passed into or out of the wire. The 
‘was arranged with one pole permanently connected with the earth. Tbe 
other pole of the battery was now brought into contact with the line wire 
‘The galvanometer was immediately and very violently deflected to the right 
by a current passing into the wire, but this current ceased almost @ame- 
diately the needle resumed its nearly vertical position, and remained quiescent. 
‘The connection with the battery was now broken, aml the galvanometer, 
fent parsing, became porfectly vertical. ‘Things being in this 
to aay, both ends being disconnected! from the battery, the 
connected with the earth; the galvanometer was now deflected 
e direction by a returning charge quite as violently an in the 
first instance, proving that a charge had been retained in the wire. No sath 
phenomena were observed when the 100 miles of cable, instead of belag 
submerged, were lying in coils in a dry store-room. 


Fig. 381. 
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tion by a 
the respective wires, the needles afterwands continuing deflected strongty ia 
‘the same direction. " The intermediate needle m was not deflected antil after 
fan interval of a full second or more, when it settled quietly in the same 
direction without any jerk. When the battery connection was broken, and 
the galvanometers 4 and c connected together, a powerfal discharge returned 
through each of them, deflecting them in a reverse direction to that cansed 
by ite entrance. 

‘4 One pole of the battery was put to earth permanently; the other pole 
‘was put into contact witb one end of the wires (all joined on to each other 
= 1,490 miles) by @ finger-key which, when pressed down, put the line 








Fig. 3% 











EARTH eistonecreo 


wires into contact with the battery, the current passing through the galano- 
meter into the line wire. When the spring returned up, the battery cor- 
nection was broken, but at the same time a contact was made with the 
‘earth, and the induced current returned out of the line wire throogh the 
galvanometer and the key to earth. 

On depreasing the finger-key, a powerful charge passed throngh the gal- 
‘vanometer, and the needle was deflected violently in one direction ; on raising 
the key, the return current deflected the needle atill more powerfally in the 
opposite direction, at the same time completely reversing its poles. This wat 
repeated many times. ‘The return charge, or inductive discharge, was also 
taken after intervals of four or five seconds, 

Jn the Gutta-percha Company's works, this return current was 
in one case very evident after a lapse of five minutes, during which 
time the wire (100 miles) had been totally disconnected with the 
Dattery. 

‘When a current was sent along sco miles of naked iron wire 
suspended in the air, it appeared at the distant end almost instan- 
taneously, and ceased to flow almost at the same time that it was 
stopped at the near end. 

In an experiment with 800 miles of subterranean wire, the 
battery power was varied from 31 to 516 cells; the Jims cccwlal 
before the first appearance of the induced current was about 
a second, and it was sensibly the same for all the tensions tried. 
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‘npacities, a fact which has a direct and most. important 
{the commercial value of nll submarine 
he snme dimensions, but coated with difforent 
[fad experimentally to vary in specific inductive 
© greatly that one wire would, in a given time, send 
{per cent, more meteges then th other, x consideration 
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of the first importance. The modification of gutta-percha callel 
Godefroy’s compound, which is a mixture of gutte-percha and 
ground cooos-nut-shell, gives higher induction than any other 
material examined by Latimer Clark; next in the series came 
Radclitfe's special material, composition unknown; then gutta- 
percha, with coatings of Chatterton’s compound, « mixture of 
gutta-percha and Stockholm tar, and Hughes's fluid cable; next 
the wire of gutta-percha, with twenty altarnate coatings, and Hall's 
wire covered with cotton thread, and lapped with spiral layers of 
‘Pera india-rubber masticated, then covered with elastic vulcanized 
india-rubber thread, wound very tightly. The lowest specific 
inductive capacities were shown by Wray's compound, which is 
mixture of shellac, india-rubber, powdered silica or alumina, and 
‘a little gutta-percha in two or three coatings—the ‘ apecial mate- 
rials’ of the Gutta-percha Company and the india-rubber wire 
of Silver & Co. 

Experiments were made by Clark, to determine the comparative 
inductions of copper and iron conductors ; and it was found to be 
sensibly the same as might be expected, from the well-known fact 
that electricity under induction dwells only on the surface of can- 
ductors, and that its quantity is the same whatever may be the 
material of which the conductor is composed. The same elec- 
trician also found that the amount of induction received from 
cable was not altered by allowing the charge to pase through a 
second length of cable. A perfectly insulated cable, 
with a battery, will ultimately attain the same maximum of charge 
whatever be the length of the wire, or whatever be the resistance 
of the intervening conductor: thus, one mile of plain gutta-percha 
wire was charged with a battery power of 128 cells, a resistance 
equal to about 700 miles of line being interposed between the 
Battery and the cable, eo that the charge and discharge had to 
pase through this length of wire before reaching the cable ; the 
amount of induction charge, as measured by the galvanometer, was 
30°46 ; of discharge, 30°36. The same wire was now charged with 
tho same battery, and connected direct to the galvanometer with- 

-out any resistance ; the amount of induction-charge was 30°38, and 
of discharge, 30°66. 

By the following interesting experiments, it was proved that the 
amount of current which enters the cable is exactly equivalent to 
that which leaves ite exterior, and is of course of the same 
denomination :— 

1. A large tub of water was carefully Insulated by suspending it on slings 
of gutta-pereba, and about half a mile of gutta-percha-covered copper wife 
was placed in it, The battery power used was 256 cella, The 





the battery, instead of being sent into the wire, was sent 
in the tub, the wire being connected through the galvanos 


proceeding. from 
lacing tate te aero th toe tar be le 
20 as to measure the amount of electricity passing 
‘the water. The cable was connected with the earth, 
28-725 discharge, 26's; leakage, 2°42, 

te the same with negative as with poise se: 

it was further proved that at the same tension the 
‘the same induction, whatever be the source from 
‘is derived, £ 
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testing of joints. A joint j, Fig. 387, is placed in an insolsted 
trough of water connected with a condenser; the battery is applied 
to one end of the cable, and any slight leakage which may occar 
at the joint gradually accumulates in the condenser. After 6 


Fig. 307. 





minute or more the condenser is discharged through the galrano- 
meter, which may then show the result of a minute's accumulation, 
even when the permanent current pressing at any moment would 
not have been sensible. 

(237) Velocity of the Transmission of Mlectric Signals 
in Submarine Cables.—The measurement of the time occupied 
dy the transmission of electricity through conductors is one of the 
most delicate operations in electricity, for even in wires of com 
siderable length the time occupied in the transmission of a current 
is extremely small. In Wheatstone’s celebrated experiments the 
velocity through copper wires suspended in an apartment was 
observed to be 288,000 miles per second (34), a velocity conai- 
dorably greater than any thet has eince been obtained by other 
experimenters. But even here there is every reason to believe 
that there was a certain degree of retardation, arising from the 
inductive influence of surrounding bodies similar in nature to that 
experienced in submarine cables; and that if the wire had beea 
stretched out in space away from all inductive influences, the 
velocity of propagation would have been found much greater. 

‘Walker, who made many experiments on telegraph wires in 
‘America, found the velocity to be about 18,000 miles per seconds 
and Figeau and Gonnelle made it through copper wire 113,680 
miles per second (34). The method employed by the latter. 
electricians was highly ingenious (Annales Telégraphiques, 1858). 


{ 


‘position, the circuit was not complete, and no current 
the wire, The same was the case if the dises were 


by voltaic action, when it communicated to the paper 


en the receiving instrument was in operation, one of the 
‘of its battery was in contact with printing styles of steel 
down on the top of the paper, and the other with a table 
‘resting beneath the paper, Tho voltaic current thus tra- 

ist paper immediately between the styles and thepaper, 
hangs on @ pivot, which is one of the poles of = 

but is prolonged upwards with a sort of crest that touches 
it and left as it sways to und fro, ‘The springs when 
upon a pillar lying between them, which is the other 

‘the battery, Tho crest of the pendulum lifts the one of 
springs (which it touches) off the yillar for the time ; when 


fi 








SUBMARISE TELEGRAPHY. 





Bars 2 soft iron. 7c el i ir i 
the bars become magnets for the time, but the precise nature of 
their maraetiem depends on the direction in which the currents 





te of ant tenpety cae Gene pet cee ee 
Tace=: magnet. mounted on a pivot, so that it can traverse right 
ani left. The reversal of the magnetiem in the temporary magnet 
ease the true magnet to more on its point as faras it can, because 
N. poles attract S.. and rice rerad, The N. pole of the temporary 
magnet pulls towards itself a S. pole of the true magnet, which is, 
‘however, sent smartly away 80 soon as the pole of the temporary 
mazzet boomer a 5. pole itself. When these traversing magnets 
Tie in one direction. they complete the cireuit of mall local batteries, 
spd cause them to print upon the ribbon of prepared peper; whea 
the opposite direction, they break the circuit and stop 
ig. The pendulum, thus reversing the direction of the 
cares: of the long wire at cach second, male the local haters 
Print ove second and stop one second, and then print again. On 
the urmlling ribbon of paper there are long dark traces alternated 
with clear space, each being one serond long. 

Suppose now one of the receiving instruments be placed in 
communication with one end of a long wire or cable, and another 
instrument with the other end, then the styles of those instra- 
ments ranzed side by side on the paper ribbon will print just when 
the current influences the electro-magnet belonging to them. If 
the current does not arrive at one magnet until some appreciable 
time after the other, the one style will not begin to print until sv 
Tong after the other: the one trace on the paper will lag behind to 
a certain extent behind the other. But the distance the paper moves 
in a second is marked each alternate second by the stained trace 
Printed in by the style: consequently, the distance to which one 
hark lags behind the other, or, in other words, the length of time 
the electrical current has taken to run through the wire from one 
receiving instrument to the other, can be estimated with the utmoat 
precision in fractional parts of the length of the printed represen- 
tative of a second. 

With a cable 1,146 miles long, the seconds pendulum being i 
arranged to turn on the electrical current to the wire for an instant 
only at each beat, without a reversal of the current, the printed 
































~ set up by this length of cable was found to be equal to that offered 
“hy neolumn of water three-cighths of an inch in diameter and 
inches long; snd its retarding power was such that tha 
‘momentary wave of electricity or secondary current, set in motion 
Pe Sass mage an itaction cll tok a monod ands hal 
discharge itself Stagagh ity ‘but when the course of the wave 
| im the coil was reversed nfter each signal, the residue of the former 
"current which clung about tho wire was thereby discharged, and 
Seven or cight signals could then be recorded in a single eecond, 
When ive followed negative and negative followed positive 
proportions, the result was that the equilibriam of the 
restored as fast aa it was disturbed, and ita 
‘capabilities were steadily maintained. 
__ Aninstrument by which the force of the current could be actually 
“weighed was also nted by Whitehouse. It consisted of a 
delicate and sensitive steelyard, upon the long arm of which move: 
able weights could be hung and shifted, the short end being armed 
‘With a emall bar of soft iron, Beneath this bar was placed another, 
“also of soft iron, surrounded by a coil of fine iron wire, so that it 
coulil be converted into an electro-magnet by the transmission of 
an electric current round its coil. As the force of the current in 
“guy case determines the strength of the magnet, it may be esti- 
feat the number of grains which the soft iron bar on the 
“short arm of the steclyard is able to lift, this weight boing the 
of the force of the current. 
% the current from 72 pairs of sand battery plates was 
"-tranemitted through the coil by a wire just long enough to effet the 
‘connection, the number of grains lifted was 25,000; when 200 
% of insulated wire were interposed, the number of grains 
ir ne lot res, ase Pan ae 
400 graing, If the lifting power had diminished in 
leaprmio see square of the distance through which the current 
\ boen sent, it would have lifted much less than 1,400 grains. 
__ The velocity with which the force travels through different 
“Tengtha of wire was also ascertained. As the results of numerous 
repeat crpesred that through 83 miles the transmission 
8 of w second ; through 166 miles, in o:r4 of @ 
Meets cirvoeh asp los 0°36 of a second; through 498 
fn 0°79 of a second; and through 1,020 miles, in van 
ond. Taking 83 miles as the unit, thore was in These, Suservor 








a length of 166 miles of cable, the velocity of movement of the 

‘voltaic current came out “16 of w secoud; with a wire of the same 

but double the size, the velocity was “21 of a second; and with a 

ei eae th san 8 wf esecond, With the sme length, the velo of 

the double indnetion current came out with the firet wire, 08; with the 

a 484 with the th, 095 of & ceed. With a length of a50 

‘velocity for voltaic electricity was with the first wire, -29, and 

ears ‘second; and for the double induction current, 

“485 of a second; so that increasing the size of the conductor 

retardation jn the transtission of electricity through it, The * law 

‘of the squares,” therefore, does not apply to the transmission of electricity 

for subterranean gutta percha wire (the facility of trans 

bts icant hy ta rts of speed), becauns the cnet nt ons of 

‘conduction, but of transmission, after the wire has been charged 

to saturation as a Leyden jar. ‘This fact is of the utmost ima- 
‘portance in ocean telegraphy. 

fey opie tre signals were distinctly and satis- 

telegraphed through 2,000 miles of the underground 

Steer is te nak of English and Irish Magnetic 


ae ees, by magnoto-electrie induction currents, by 





‘and Whitehouso, in the prosence of Professor 
6 United Sisten The signals were distinctly: sad 
telegraphed through the whole length, at the rate of 

$i sey nt open oc) Yr te 
of Latimer Clark and Professor Hughes (Re- 
q at the Os, enheln Committee).—The instrument 
by these ‘icinns for measuring the velocity of electric 
was ® modification of the type-printing telegraph of 
‘Hughes (220). In an experiment in which o current was sent 
‘through « resistance coil equal to 460 miles of wire, it was found 
‘that the resistance of the coil had not any effect in diminishing 
‘the velocity of the passage of the current, but only that of lessening 
its amount, When, however, the same current was sent through 
submarine cables of different lengths, the following retardations 

‘wore obecrved :— 


baeneh (75 reste rtacdaton wan as of « ves 
ow 33 ” ” 

” BS ” ” » US ” 

oo BS ow ” ” 

» » ean tho» 
‘If these numbers be plotted out as ordinates, they will he found 
to fall nearly in « straight line, and to favour the idea that the 
‘speed of propagation varies directly as the length of the cable, and 
‘not as the aquare of the length. ‘This, for some as yet unexplained 
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reason, does not coincide with the received law of transmission, 
‘The velocity of propagation does not depend simply on the length 
‘or resistance of a circuit, but on the relative amount of i 
ductive surface and the supply of electricity. According to 
Professor Thomson, (Atheneum, Nov. 1, 1856), the law of the 
squares remains altogether untouched by the experiments of 
Whitehouse. 

3. Researches of Fleeming Jenkin (Phil, Trans., 1862).—Tbe 
experiments were made on the Red Sea cable when cajled in iroa 
tanks at Birkenhead, and the following conclusions were arrived 
ati 


1, The electromotive force has no appreciable effect on the velocity with 
which the current is transmitted, 

2. The rate of decrease in the current at the remote end, after contact hes 
‘been made for a given time with the earth at the near end, ia the same at 
the rate of increase observed after making contact with the battery at the 
near end for an equal time, 

3. Reversals of the current in no way modify the arrival carve daring 
its increase, nor do they modify the curve showing the decrease of the 
current. 

4 On all submarine cables there is a limit to the number of signals which 
can be sent per minute, a limit which cannot be exceeded by any ingenious 
contrivance. 

5. There is a wide margin between the limit set to the speed of trast 
mission by the gradual diminution of the received signals and that vet by 
their interference, 

6, The use of reverse currents does not alter the limit set by the gradual 
diminution of the received signals, nor that set by thgir interference. 

7- Signals can be sent without confusion, at any speed which will allow 
the shortest signal used to cause a sensible variation in the received 
current, 

8, The apparent increato of resistance of the gutta-percha is rather doe 
to an absorption of electricity, which is again given out, than toa real change 
in the conductivity of the materi 

9. The rate of transmission varies as the square of the length, whether 
by rate of transmission be meant that speed at which repeated signals fail 
to produce any sensible effect, or the rate producing so great an amplitade 
that common band-signals can be received without confusion. 

Jo. The resistance of the battery and receiving instrument produces 
nearly the same effect as the addition of an equal length of submarine 
cable. 


4. Reacarches of Cromwell Varley (Phil. Trans, 1862).—From 
the imponderable nature of electricity (considered as a fluid), from 
its incompressibility, and other circumstances, Varley infers that 
the electric current commences flowing out at one end of the cable 
at the very instant that contact is made with the battery st the 
other end; but it is a considerable time before it reaches an 

















of time to be reached, the part of the wave best suited 
for: ‘Varley considered to be half the maximum, ws at 
‘that period the changes of its intensity in a given time are more 
rapid than at any other. He invented a machine for bisecting the 
electric wave, by which he was enabled to determine the relative 
tates of transmision through cables of different lengths with great 


| accuracy. 
From a series of experiments made upon a cable which had 
‘been Inid in the Mediterranean, but which had been lying exposed 
to the sun and weather in the East India Docks for some yenrs, it 
‘wns ascertained that Thomson's lav, ‘that in submarine cables of 
different lengths the speed is inversely as the square of the dis 


| to the cable sugments the resistance of the circuit; and when a 
resistance equal to half that of the cable was applied at one end, 
of the electric wave through it was decreased to threa- 

‘When a resistance equal to the whole of the eable was 
jut one end, so as to double the resistance of the whole 
was reduced to about three-fifths; and when 
double that of the cable was ndded, the speed was 
rather more than one-half; but variations in the elactro- 
foree produced no sensible variation in the speed of the 


eared eat ceee 
and the insulation of which was very high, 
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nearly four times; the cable, being here in a stmaight line, waa 
| exposed to much leas magnoto-electric induction than if it had 
“been in « coiled mass, The experiments on the Mediterranean 
eable showed that with threo times the length the speed was 
reduced nearly nine times. By the introduction midway in the 
‘cirouit of an escape (circuit dérivé), the speed of transmission was 
doubled ; by the establishment, therefore, of a series of escapes 
‘long the cable, the speed of transmission may be aug- 
Smented to a very high degree, without weakening the current to 
ene $8 prnyone of ‘ologrephy. 
tried with currents of various duration gave some 
Smporiant results, the highost speol being obtained when the cable 
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was connected to the battery for a very short interval of time, and 
immediately afterwards put to earth. In this way through s40 
miles the speed of the wave was increased from 1°326 to 3"7. Varley 
Tikewise made special experiments, to determine what amountof 
retardation is due to the magnetization of the iron covering of 
submarine cables; and the resulta showed it to be so small, com 
pared with the retardation due to electrical induction, that im 
estimating the speed of the electric wave it may be neglected. 

(238) Distribution of Induced Mlectricity in Long sub- 
marine Cables.—Arrangements were made by Latimer Clark 
(Report of the Submarine Telegraph Committee), by which a battery- 
current from 64 cells could be sent along 800 miles of wire (re 
presented by resistance coils). A length of 4 miles of gutur 
percha wire immersed im water was also arranged so that it could 
‘be connected through a galvanometer successively at different 
points along the Soo miles, The current was sent through the 
coil suddenly, by means of an induction key ; a certain portion 
Passing through the galvanometer into the submerged wire, which 
of course charged the wire up to a certain tension equal to that of 
the line at the spot at which the galvanometer was connected. 
‘The amount of induction was found to be almost exactly propor 
tional to the distance from the end of the line. Thus, at 100 miles 
the deflections at charge and discharge were, 7°20 and 6°60; at 
200 miles, 14°35 and 13°45; at 400 miles, 27°6 and 28°8; and at 
569 and 55°7. 

The time occupied in charging and discharging a cable with its 
distant end to earth varies as the square of the length. In a cable 
200 miles long, the amount of electricity under induction is twice 
as great as in a cable 100 miles long, using the same battery- 
tension, and the electricity has twice as far to flow before reaching 
ite destination. Now, as the long cable has twice the quantity of 
electricity, and os the electricity has twice as far to travel, the 
time occupied by charge and discharge will be twice as long— 
hence the above law. 

(239) Mlectric Waves.—If two or three successive currents of 
short duration be sent into a long cable, they will, if of sufficient 
magnitude, travel onwards separately, and emerge in succession 
from the other end; and this fact is usefully taken advantage of 
to increase the speed of working in long cables. 

Electric waves may be of three kinds:—1. Those consisting of 
positive electricity ; 2. Those consisting of negative electricity; 3. 
Those consisting of both positive and negative electricity together, 
In waves of positive electricity the tension of the wire rises 
alternately abore that of the earth, and sinks to o°. In negative 
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‘waves the tension falls below that of the earth, and rises to 0%. 
‘They ure identical in their characteristics, and follow the same 
Taws. In working with a double current, that is, with alternate 
‘negative and positive waves, there is an important practical ad~ 
vantage. It is necessary with single currents to use a spring, or 
‘other mechanical contrivance, to bring the magnet or the armature 
‘back to its position of rest. The force nécessary to effect this has 
‘to be subtracted from the efficient force of the current. With 
double currents the armature or magnet moves passively under 
‘the influence of the alternate currents, the whole power of the 
‘current being effective to make and break contact. 

(240) The Amount of ction is not the same at all 
Points of the Zime—Let A, 2, 0, D, B, F, represent along sub= 





Fig, 548. 


‘marine cable with a current flowing through it, and let 4 1 repre- 
ent the tension near tho battery ; it is found, experimentally, that 
the tension at other points, », 0, D, &c., varies as the distance from 
‘the battery, and that the line x @ represents the tension of the 
electricity at all points, But the quantity of induced electricity 
‘varies as tho tension; therefore the perpendiculars, B, 0, D, &ty 
‘will correctly represent the amount of induction at all points along 
‘the line. 


‘The whole amount of induction in the cable is represented by 
‘the triangle 1 4 6; and if this triangle be divided into sections 
By the perpendicular lines 4, 3, 0, D, ®, ¥, the aren included 
‘between any two of these perpendiculars will correctly represent 
the amount of induction upon that section of the cable. Now it 
is the property of a triangle, that if the base, 4 o, be divided by 
‘any number of equal lengths, and porpendiculars such as », 0, D, 
&c., be erected upon it, if the area of the smallest section, ¥ a, 
= 1, the area of all the other sections will increase in the ratio of 
the odd numbers, 1, 3, 5,7, 9,11. Consequently, if the whole 
(ppb aeaeenlimraeatianie Pals abbr td 

ual parts, the quantity of electricity stored up induc~ 
Sey ead restse nit Gs is the se of 8, 3) 5575 9) thy hes 
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one is just twice as lage as the other, the triangle ac > 

twice as largeasA BD. The whole electricity in the 200 

‘will, therefore, be exactly twice as great as that in 100, Tt 

i bo seen, at the sane time, that the average distance through 

‘electricity has to flow before reaching its destination, 
returning to the earth, is exactly twice the average 
electricity in a B has to flow ; and, 

A Cnot only has twice the electricity in it, but 
twiee as far to travel, and consequently the 
‘the charge and discharge will be four times a 

ly, if the eable 4 ¢ had been three times as long a8 

tity of electricity under induction would have been 

‘aa great, and the average distance it would have had 

Ieee 2s ere Deon tse tion a and scomnguetly 

it would have taken nine times aa long to become charged, In 


reeeneglegy 
a 
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‘Thomson in a paper read before the Royal Society ia May 
4855, and published in the upecovicioes ah year, in which the 
was submitted to the highest mathematical aualysis, 
‘There is no increase in the speed of transmission of the electric 
‘eurrent by increasing the tension of the battery; for, lot the in- 
‘duction in o cablo with any given tension, say 100 clemente, be 
by a triangle, as in Fig. 388, and let the time ocou- 
jed by the passage of the electricity into the eable be represented 
1. Now if we double the tension of the battery, the quantity 
‘of electricity contained in the cable will be twice as grest as it was 
Defore; but while entering tho cablo, cach particle will be forced 
‘in under twice the tension that existed in the first case; and we 
have sean that the quantity of electricity flowing through a wire 
in a given time varies directly as the tension ; consequently the 
epeseety contained in the cable under the double tension, 
‘will occupy the same timo in entering and leaving the eablo as 
the original quantity did under the lower tension, 
(242) Testing Short Lengths of Caple.—An instrument 
employed for this purpose is Thomson's divided ring 
A general description of this beautiful instrument 
aed been given (42); ita application to the testing of 
will perhaps bs more clearly understood from Fig. 390, 
sre he pnp on which it constructed (Fleming 
Jenkin, Cantor Lectures) :— 
_ Alight at aluminium needle, a b, talanced by a counterpoise, is suspended 
by a platinum wire from » point connected with gregh pac ok 





464, SUBMARINE TELEGRAPEY. 


a Leyden jar. Under the needle two bslf rings, 1 and x, are placed, with 
the division on one side, directly under the alominiam needle in its 
of rest. The whole is placed inside a metal case, not shown 


ii 







i 


brought to the 


being equally attracted by both. One object of connecting the needle with 
aLeyden jar is to provide a considerable supply of electricity for the needle 
20 that the unavoidable slight leakage which mast occur may not affect 
one teat, or even a series of testa, A loss of one unit of electricity per 
minute will matter little if the whole store be 1,000 auch as may be held by 
the jars but if the store be only one or two units, such as would be received 
by ihe needie, such a loss would be fatal, The deflections will also be 
jtrument will be more sensitive, the higher the poteatial 
charged; but the indications will only be constant #0 
is charged to the same degree. 
ment as made, the deflections are shown by 











reflected from a 
meter (145). ‘The Leyden jar is placed in an atmosphere dried by sulphuric 
acid, and will hold « sensibly constant charge for days at atime, Finally, 
the metal case screens the needle from all attraction or repulsion by electri- 
fied bodies outside, owing to a well-known law. The deflections, being 
angularly very small, are proportional to the potentials of the bodies to be 
tested, which are connected with 1, while x is kept permanently connected 
with the earth, 

With this instrument, nothing is essier than to compare accu 
rately the times occupied by the charged conductor of a piece of 
cable covered with water in falling from the first tension to half 
or any other fraction, and the times thus occupied are relative 
measures of the insulation resistance of the insulating cover. No 
very high tension is required, and the test by this instrument gives 
one direct proof of the identity of electricity given by friction, and 
that from the voltaic battery. 
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In ¢ the tect, the cable may be charged by aspark or two 
from a or electrophorus, or it may be charged by «i 
‘contact for an instant with a wire joined to one pale of a voltaic 
* thee $9 OF 100 elements. 
formula gives tho means of calculating in BA 

ase) the resistance of the insulator. When the potential P 

the beginning and p at the end of « time ¢ mensured in seconds 
xiao 








, Slog.«, 
Or, 


Tn the first of these equations the hyperbolic, and in the second 
‘the ontinary logarithm ott isused, but in both we haven quantity, 
'§, called the capacity of the cable. 

‘The joints of insulated conductors are tested thus:—The joint 
is dipped into an insulated trough connected with the test-plate 1; 
it is electrified by a machine or electrophorus, and the loss by 

into the cable at that point watched. The conductor 
| ‘be connected with the contre. Extreme caro and cleanli- 
ness is absolutely necessary in conducting experiments of this 
nature, and nn artificially-dried atmosphere is indispensable in all 
eases where extremely high insulation is required. As an example 
of what can be done by selecting proper materials, and by drying 
the atmosphere co as to prevent « moist film from being deposited 
on the instrument, F. Jenkin (Centor Lectures) states that Leyden 
‘Professor Thomson's electrometers can be made to hold their 
charge so well, that not one-half per cent. will escape in 24 hours, 
Buch a cable os the Atlantic falls from charge to half-charge in 
fifteen minutes, 

Thomson's Portable Electrometer-—This instrument is 
‘also used for testing the insulating powers of materials, by observ- 
i Joss of charge from a body insulated by these mate- 
is for testing the electromotive force of batteries and other 
j and for various other purposes where great delicacy 

‘and accuracy are required. 

‘Tn a former part of thia work (42), mention has been made of 
this beautiful clectrometer, For the following detailed descrip- 
tion of it, ond the theory of its action, we are indebted to Mr 
Fleeming Jeakin, F.R.S, — 


un 
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Ibis w thin, Mat, circular brass plate, carried by a glass insulating 
colamn x. This column is carried by « brass cylinder 8, which ean 
‘be raised or lowered by a micrometer screw, worked by the turning 
muta, The lower flange of this nutk isdivided into 100 parts, The 


Tig, som 





‘brass eylindar s projects at its upperend beyond the nat; and on this 
ion a scale is marked, each division of which eorresponds to 
‘one turn of the micrometer screw. By this ecalo, and the divisions 
on the nut, the distance through which the test-plate is raised or 
lowered can be read to, say, eruoth part of an inch, 
‘A force of attraction or repulsion will be exerted between the 
A and the plate x, according as the two are electrified, 
‘or dissimilarly. The force will in any case increase as 
the test-plate is lowered, and decrease as it is raised, This force 
is made use of to move the index uo p (Fig. 392). 
_ ‘This index consists: 1st, of asmall, square, light aluminium plate 
2, Jvol with tho surface of the plate x andy, ofa bent arm passing 
mm 
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under this plate, and carrying a little fork with » cross-hair st > 
(Figs. 391: 1, and 392: 2 and 3). This little fork comes through the 
cup Xn, and can be seen through the glass of the Leyden jar. The 
index is supported on a fine, light, horizontal wire ee ee (i. 39:3) 
on which it oscillates freely within certain limits. The oscillatices, 
indicating the rise or fall of the plate 2, are ahown by the fall or 
rise of the crose-hair D, relatively to two little black spota, marked 
on white paper immediately behind the crosshair, When the 
hair exactly bisects the space between the two spots, as at p (Fig. 
391: 1), it occupies what is called the ‘ sighted’ position, and the 
plate » is then exactly flush with the surface of w. 

To facilitate the observations of the crosshair, and to avoid 
parallax, 0 lens is placed a little distance in front of the spots 
‘When the lens, #, is drawn back from the glass as far as is 
allowed by the little slide, the hair and spots are seen greatly 
magnified; and the hair will only appear straight when the eye 
is in the right position, i.e. exactly opposite the centre of 
the two spote, The use of this index is toahow whether the force 
exerted between the test-plate and the plate @ is such as to bring 
the plate exactly flush with x. A slight torsion is given to the 
wire ee, in such a direction as, when neither test-plate nor Leyden 
jar are electrified, will bring the plate » below N, and the crose- 
hair above the sighted position. The test-plate is electrified by 
means of an electrode or terminal x (Fig. 391), which projects 
through an opening in the brass cover. ‘This electrode is sup- 
ported by an insulating glass pillar c, and is connected elec- 
trically with the test-plate by the wire b. A cap or cover 
ing, 1, slides up and down on the rod #. When pressed down, 
as it always should be when no test is being made, it excludes 
the air from the jar at this point, and also connects the test- 
plate electrically with the outer case of the Leyden jar. When 
the cap is raised, it forms part of the insulated system of the test- 
plate, and still serves to prevent any rapid interchange of air be- 
‘tweon the inside and outside of the jar. The lead case L (Fig. 392), 
contains pumice-stone moistoned with sulphuric acid, for 
purpose of keeping up an artificially-dried atmosphere within the 
instrument. 

‘To use the instrument proceed as follows :—Preas the cap at I 
Fig. 391) down till it touches the cover of the instrument; raise 
the test-plate by turning the nut a till about twenty divisions 
can be read at the scale at x; uncover the hole in the lid at @3 - 
put the india-rubber-covered wire oP (Fig. 391: 6) through the 
hole a, taking care that the bare copper touches the plate 
™, and does mot touch the test-plate 4; touch the bare end 

















THOMSON’S PORTABLE ELECTROMETER, 471 
| 1857), it is shown that the force exerted between two parallel 
surfaces: 


equal io 5\—, per unit of area, ‘The present instrument con 


Petes orale an paso dee ufilonly lege, 2 propion 
Goths diane thom, to full the sbove condi 

Gvely. ‘this dimtance cin be eliered af wil, An index 

is £0 contrived as to move into a ‘sighted’ position whenever the 

force exerted between the two discs is exactly equal to n given 


‘But unknown potential V; the second, which may be called the 
text-plate, is put in connection with the body to be tested, The teat 
iis really a comparison of the electric potential of the body to be 
tested with that of the earth, and is made thus:—The test-plate 
fis first connected with the earth, and moves to such a distance a, 
eee ornate plate, that the index comes to its sighted posi- 
tioh. The plate is next put in connection with the body to be 
tested, and moved to a fresh distance ay, at which the force bee 
the planes is the same as before, as is shown by the index 
to the same position. ‘Then if x be the potential of the 
‘body to be testod, we have— 
Ve (vse 
Feop = Fe a? 
‘and therefore— 
2-3 @-a). 


Now © is neonstant, for as V diminishes or increases, o0 in an 


Bereslsato will « 

‘Thus, the above equation shows that in each instrament the 
Potential of the spe tested is equal to a constant multiplied into 
f difference of the distance observed between the two planes a8 
described. 


‘The potential V is that of the Leysen jar already referred to ; 
‘and the above equations show in what sense the indications are 
of the potential of that charge. They show, how- 
‘ever, that the actual force exerted between the planes is increased 
‘mpidly nx the charge increases; and since this force is employed 
to move the index, the uso of a highly-charged plate causes the 
indications of the instrument to be comparatively very delicate, 


a a 
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Peer of ea Deore then and the spot where the cable was 


SGhed cies of Fath Ls wtre Co. comssctoa betwen the 
sea and the copper exists, but is imperfect, or due to only a small 
‘area of exposed copper. It possesses considerable resistance, some= 
times more than that of all the copper conductor of the eablo; and. 
what is worse, this resistance is inconstant, varying rapidly and 
capriciously between extremely wide limits, The test for resist- 
‘ance in that case simply tells us that the fault cannot be beyond 
‘the distance corresponding to the smallest resistance observed. 

‘The fourth kind of fnult corresponds almost exsctly in behaviour 
to the second, but the connection with the sea is still more perfect, 
‘The resistance will vary still less; and there will be a total absence 
of the fechle currents which result from the copper and iron of a 
cable when broken and separated by saltwater. 

‘The fifth kind of fault ia easily detected, There is a considerable 
fall in the insulation resistance, and a slight or moderate fall in 
the apparent resistance of the copper conductor between the two 
stations; but measages can still be transmitted, as a portion only 
‘of the whole current inversely proportional to the resistance of the 
fault escapes into the sea. If ono station insulates the cable, and 
the other measures the resistance, the fuult behaves like a fault of 
the third class, and this test will not detact its position. If, how= 
‘ever, one resistance of the fault remain constant, and twomeasure- 
‘ments of resistance, R and r, bo made from station A, when station 
B respectively insulates the end of the cable and connects it with 
the earth, we obtain two equations, concerning the resistances in 
which there is only one unknown quantity—viz, the resistance of 
‘the fault. When this is eliminated, the following equation is 


obtained -— 
D=r—W/ (RF) (Lr) 

‘where D=the resistance of the conductor between the fault and 
the observer, and L=the resistance of the whole conductor be- 
tween the stations, Successive tests from the two stations, the 
distant end being insulated in each case, will also give two equa- 
tions, by which, on the same supposition that the resistance of the 
fauilt remains constant, its position can he determined, Then 
galling R and R, the resistance in the two cases, we have— 


L+(-R) 
a 





When D is tho resistance of the conductor between the station 
which observed the resistance R and the fault, and when « return 
insulated wire can be substituted for the earth, so thet the observer 





474 SUBMARINE TELEGRAPHY. ° 


has both ends of a completé metallic circuit before him, the posi- 
tion of a fault such as is described, even of a varying resistance, 
can be accurately determined. Varley wees a differential galvano- 
meter (144) to ascertain when an equal current runs into both 
ends of the metallic circuit and out at the fault. This will oaly 
‘be the caso when the resistance between the galvanometer and the 
fault is the same by both roads. This condition is easily fulfilled 
by adding resistance coils between one coil of the galvanometer 





and the defective wire. The resistance which must thus be added, 
to bring the galvanometer to zero, is obviously equal to twice the 
istance of the metallic conductor between the fault and the 
distant station. Wheatstone’s balance (110) may be so arranged as to 
give another method, by making the connections as in Fig. 393, 
where the fault, supposed to be at v, forme, as it were, part of the 
galvanometer wire. In this case, as in the preceding, a variation 
in the resistance of the fault does not affect the result; it will 
cause a greater or less deflection of the galvanometer until the 
desired balance is effected ; but it will not alter the relative resist- 
ances of the several parts of the main circuit required to reduce 
the deflections to zero. 

The test is made by adjusting the relative resistances of A and 
B until no deflection is obtained, then the fault will be at a point 


such that fy = §, where C and D represent the resistance of the 


conductor, separating m from the fault, and n from the fault. 
‘When the total resistance of the conductor is known, this will 
give the positions of the fault very accurately. 

Mr. John Murray, of Glasgow, is said, by Professor Thomson 
F, Jenkin), to have first applied this test on board the Niagara, 
during the first Atlantic expedition. It was re-invented by F. 
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Jenikin, and may be used to detect very emall faults, even on short 
‘Another plan of determining the position of a fault of this 
nature, is the joint invention of Professor Thomson and Mr, 
Fleming Jenkin (Cantor Lectures). ‘The connections required 
are shown in Fig, 393 where o is a galvanometer; 8 an eleo- 





trometer at the same station; s, an electrometer at a distant 
station, where the end of the submerged cable, 2, is insulated, 
‘The battery ¢ = is connected with the other end of the cable. 
‘Then let ¢ = the current observed at the galvanometer; v the 
potential at the distant station; b= the length of the cable; 
the resistance of the unit lengths of the conductor ; the resist- 
‘ance of the unit Jongth of insulator to conduction across the sheath; 
and let 


LS 
wa 
All these quantities may be known, and should be measured in the 
so-called absolute units, or other equally coherent system. Let 
A be the distance of the fault from the ship or galvanometer sta- 
tion; then— _ 
1 
A= 5a & D> 
when 
Pav+Se-u.%, 
and 
Davey Fe-v. 


Undoubtedly this test is not of so simple a nature that it could be 
executed by a clerk, but it is interesting to know that a test. does 
exist by which even a fault of this deseription, which has hitherto 
baffled electricians, ean bave its positions fixed with mnthomatical 
certainty, his is the more important, as the connections shown 
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PART X. 
ELECTRIC CLOCKS. 


MISCELLANEOUS PRACTICAL APPLICATIONS OF ELECTRICITY. 


Electric Clocks; Bain's, Wheatstone's, Jones's, Breguet’s, Shepherd's, 
Koosen’s—Chronoscopes—Chronographe—LlectricThermometers—Elec- 
tric Turget—Electric Log—Electric Break—Electric Boiler Feed—Elec~ 
tric Hydrostatiméter—Electric Engraving Machine—Electric Loom— 
Researches of Wilde—The Quantity of Electricity given by Induction 
‘Machines, 


(244) miectrte Ciocks.—Bain's.—The mechanism of this in- 

instrument, which was exhibited in the epring of 1841 at 

the Polytechnic Institution, will be understood from Figs. 395 
and 396, 


& (Fig. 394) is a back-view of an ordinary clock with a pendulum vibrate 
secouds; G a plate of ivory aifixed to the frame of the clock, in the mid 





‘Fig, 395 isa back-view of one of the electric clocks: «isan electro-magnet, 
and & ity feeder, suspended by a spring, peodulum-fusbion ; ¢ is a small 
screw, to the distance of the feeder from the electro- Ab 

lower end of the feeder is jointed a light click-lever, d falling into the 








(oy the spring v of the pendulum, leaving the alip of brass in the primary 
clock), the feeder falls back into its former position, and causes the click~ 
Jever to draw the ratchet-wheel one tooth forward. The arbor of the 
‘achet-wheel carries the seconds-hand, which is thus taken forward one 
degree every eccond, corresponding to the vibration of the elock B. A pinion 
‘on the ratchet-arbor gives motion to other simple whedlwvork, which carries 


_ 
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‘re two brass tubes fixed to the sides of the case, and facing each 
ene eee ce penne cota Gee break, for letting on 

(nd cutting off the electric current to and from the wire in the 
fendulum 8, and performing the same office for clocks in distant 


Mig. 98. 














[nces. x is a pluto of zinc buried in the ground ; eis a plate of 
of, what is equally good, a quantity of carbon (common 

or wood-chaxcoal). “In private houses and other establish 
dents ini towns, the ground underneath the floor of the coal-cellar, 
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for ‘this is shown in Fig. goo. There are but 
“in the besides the dial wheels, and as these are 
eordinary way, they are not shown in the figure —a a 
ves fitted 
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, and pushes it aside ; this action gives 
igh the crutch and axle ¢ to the arm A aud 
iis causes the point of the click to slip over one tooth 
ug 
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